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ABSTRACT 
Interactive computing and interactive computer graphics are 
relatively new technologies which are providing improved 
man-computer interfaces. Application of these technologies in 
today's computer-aided design (CAD) systems has produced dramatic 
increases in productivity as well as improved designs. However, 
good interactive computer software is not readily available for 
many applications. Piping design is one area which has been slow 
to receive attention from CAD companies, although a number of 
systems are currently under development. In an effort to 
capitalize on the benefits of this technology, Air Products and 
Chemicals, Inc. has sponsored this project to apply the 
principles of computer-aided design to their current piping 
design procedure. It is intended as a temporary solution which 
will provide a productivity increase at a minimal cost, until a 
CAD system for plant and piping design which meets the company's 
needs is available. 
An Interactive software package, named ISOPIPE, has been 
developed as a pre-processor for Air Products' pipe stress 
analysis program PIPDYN. The most important feature of this 
system is that it provides an interface from the company's pipe 
detailing program, named ISOPEDAC, which automatically generates 
the pipeline geometry data for PIPDYN. Manual preparation of this 
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geometry input, which also required the stress analysts to draw 
and dimension a pipeline isometric, consumed a great number of 
engineering man-hours. ISOPIPE includes flexible interactive 
pipeline plotting routines which allow the stress analyst to view 
and verify the geometry, eliminating the need for hand drawings. 
In addition, standardized geometry data which is unavailable from 
ISOPEDAC, such as pipe cross section properties, is automatically 
accessed from permanent ISOPIPE files and inserted into the 
PIPDYN input deck. 
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CHAPTER 1 
INTRODUCTION 
1.1 Background 
The acronym CAD/CAM is frequently encountered in today's 
engineering and manufacturing publications. It stands for an 
integrated computer-aided design and computer-aided manufacturing 
system. Made possible by the huge recent advances in computer 
technology, this concept was pioneered by the aerospace industry 
and is now being applied to many other areas. Ultimately, such a 
computer system will allow a product to be designed, 
manufactured, and even inspected in one automatic process. By 
incorporating the feedback of deviations from the design 
specifications, a closed loop process is created which reduces 
waste and improves productivity <1>. 
Computer-aided design is the front end, and perhaps the most 
important aspect' of this technology. It suggests an interaction 
between a design engineer and a computer through the use of 
visual display, typewriter keyboard, and special computer 
programs or software <2>. By utilizing the computational and 
manipulational speed and precision of today's digital computers, 
an engineer is capable of refining his designs, with 
computer-aided testing facilities, into more nearly optimal 
configurations. This can result in improved product performance, 
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reliability, and manufacturability. In addition, the designs can 
be completed in less time, increasing the engineering 
productivity and reducing the cost of the finished product. 
All these claims haVe generated a great deal of excitement 
in the industrial community and have led to the formation of many 
companies specializing in CAD products. Their offerings include 
specialized hardware, software, and even complete "turnkey" 
systems. Presently, CAD software is available for almost any 
conceivable application, the most common being mechanical and 
electrical design. Good software is essential for the utilization 
of today's CAD systems, but due to the labor intensive nature of 
the software development process, software production has been 
unable to keep up with the demand generated by the continuing 
advances in computer hardware. For this reason, there are many 
applications for which only limited software can be purchased, 
and these systems are often inadequate or overpriced. 
Piping design is one area which has been slow to receive 
attention from CAD vendors. As a result, most of the piping 
design software available in 1981 was incapable of handling 
real-life industrial piping systems in a production mode. One 
exception, however, was Compeda's Plant Design Management System 
(PDMS) <3> which includes an excellent piping design facility. 
PDMS enables a complete three-dimensional model of a process 
plant, with all piping, to be put into a computer system. This 
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plant model can be viewed on a graphics terminal, and any part 
accessed and refined as desired <4>. However, the PDMS package is 
so expensive that it is difficult for most corporations to 
justify its purchase. This left many companies which would have 
liked to improve the productivity of their piping design 
procedures with no legitimate opportunities in commercially 
available CAD software. 
Consequently, Air Products and Chemicals, Inc. decided to 
internally apply the principles of computer-aided design to their 
piping design procedure. Air Products designs and fabricates cold 
boxes for the separation of air into its constituent gases. A 
typical cold box can be seen in Figure 1.1-1. It contains the 
equipment and associated piping necessary to chill air to 
cryogenic temperatures for separation. By utilizing existing 
hardware and piping software in a CAD-like environment, Air 
Products expected to increase the productivity of their cold box 
piping design procedure in a relatively short time and at minimal 
cost. 
This solution was not intended to be the ultimate in 
computerized piping design systems, but rather to provide a cost 
effective increase in productivity until a complete CAD system 
which met the companies needs could be identified, purchased, and 
put into production. An evaluation group investigating the 
state-of-the-art in CAD systems predicted that a complete piping 
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Figure 1.1-1 Cold Box 
•6- 
design system would not be used in production at Air Products for 
at least three years from the time when work begun on this 
temporary solution. 
1.2 Current Piping Design Procedure 
The first step in the design of any automated system is to 
become familiar with the current manual procedures. At Air 
Products, the design of the cold box piping system begins once 
the equipment has been designed and the layout completed. With 
this knowledge, the piping designers can begin to route and 
detail the piping, starting with the largest diameter lines and 
working down to the smallest. When a line is completed, a hand 
drawn orthographic design sketch is issued. 
The next step of the design phase is the stress analysis of 
all these pipelines, with the exception of small diameter 
instrumentation lines. This analysis is necessary because the 
extreme temperature variations encountered between cryogenic 
operating temperatures and defrost conditions produce large 
thermal stresses in the anchored pipelines. A linear piping 
stress analysis program, PIPDYN-II <5>, is employed in this 
analysis. 
The stress analyst collects the orthographic design sketches 
as they are issued and attempts to connect several of the lines 
to form a pipeline which runs from one anchor point to another. 
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When this has been accomplished, he draws and dimensions an 
isometric of the entire anchor-to-anchor pipeline, an example of 
which can be seen in Figure 1.2-1. Utilizing this drawing, he 
enters all the pipeline* joint coordinates and joint-to-joint 
connectivity data to a PIPDYN input deck created on a computer 
terminal via its typewriter-like keyboard. Additional program 
information, such as the pipeline boundary constraints and loads, 
is also keyed in. This can be seen in the sample PIPDYN-II input 
deck in Appendix A which describes the pipeline in Figure 1.2-1. 
The stress analyst submits the completed PIPDYN deck for batch 
processing and waits for the results. Occasionally, this analysis 
will indicate that allowable pipe stresses have been exceeded. 
When this occurs, the stress analyst must interact with the 
piping designers to arrive at a modified piping configuration 
which will satisfy both the maximum allowable stress and the 
overall piping layout requirements. Once all of the pipe stress 
specifications have been met, the design process is essentially 
complete, except for the running of each pipeline through a pipe 
detailing program known as ISOPEDAC <6>. 
As a pipe detailing program, ISOPEDAC accepts a special 
input language which, when linked with the appropriate program 
files, completely describes the geometry of the pipeline. An 
entire anchor-to-anchor pipeline usually includes many branches 
and several pipe specifications, and cannot be coded into 
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Figure 1.2-1    Stress Analyst's Pipeline Isometric 
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ISOPEDAC language. For this reason, and to clarify the final 
plots, the pipelines are broken into smaller segments known as 
pipe spools. An example of a pipe spool, from the line in Figure 
1.2-1, can be seen in Figure. 1.2-2 with its associated ISOPEDAC 
■input language. The input code works in compass directions and 
elevations, with units in feet, inches, and fractional inches. 
All absolute dimensions are based on the point (100,100,100) at 
the bottom south-west corner of the cold box. The language is 
quite simple, identifying the nominal pipe diameter, the location 
of all pipe centerline intersection points and any special 
element types, such as valves. It is through the interaction 
with the permanent ISOPEDAC files that elbows and other pipe 
fittings are inserted into the spool. 
After the ISOPEDAC code has been written, it is run through 
the program, producing a large computer-drawn isometric plot of 
the spool with an attached bill of materials. These are used by 
the shop in the fabrication of the pipeline. The purchasing area 
also receives ISOPEDAC-generated reports so that the required 
components can be ordered. In addition, ISOPEDAC accumulates 
data for an entire job. This is used to produce piping summaries 
at the conclusion of a project and for estimating of future jobs. 
1.3 Problem Statement 
A duplication of effort occurs in Air Products'  current 
-10- 
<W>03S-233CSEE DWG 1-5874-11. 31-08O/N104-8, E112-4, ELI 04-10,/ 
6D P Wl, C(SCRIBE LINE FOR FIELD CUTOFF)   W3, 
CCFACE OF BOX EAST 112-0)  Wl-8, C(EAST 110-4) 
N6-4, CCNORTH 111-0) W4-6, C(EAST 105-10)  SEL106-2, 
CCSEE DETAIL) TC4D E, CCCOI 4-0-234-SS2.7)) #EL107-6, 
C(EL  + 107-6) E, CC363  CL OF VALVE TO FACE OF B0X=18) 
<VALVE*NlCEl-4,)V>,SE108-5,CCSEE DETAIL)    T(4D U, 
CCCOI 4-N-236-SS2.7)) El-3, CCEAST 109-8) SEL115-0.5/8, 
CCEL + 115-0.5/8)Sl-10+U'6-6,8EL114-3.5/8,CCOS.51 NOZ A) 
/Nl0 9-2,El 03-2,EL 114-3.5/8,/; 
XXCODE 1C6D TSAYA6DG) 1C6D TSAYA8FG) KID ESEGB9LQ) 1C1D KSEGB-12) 
15C6D WRSHFB—); 
END 
Figure 1.2-2 Typical ISOPEDAC Pipe Spool 
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piping design procedure. The two piping programs which are an 
important part of the design process (PIPDYN and ISOPEDAC) 
require basically the same information: the pipeline geometry. 
Yet this geometry is manually input to each program 
independently. This practice creates a great deal of redundant 
work, as well as allowing for possible inconsistencies between 
program data. In particular, the work done by the stress analysts 
in drawing pipeline isometrics and inputting PIPDYN data consumes 
an estimated 75 to 85 percent of their time. 
This problem could be alleviated with some type of shared 
data environment. By allowing the PIPDYN and ISOPEDAC programs to 
access pipeline geometry data from a common source, one of the 
inputting steps would be effectively eliminated. 
1.4 Approach To Problem 
The problem of creating a shared data environment for the 
PIPDYN and ISOPEDAC programs can be approached in three ways. The 
first is a PIPDYN-initialized scheme, where the PIPDYN code would 
be used to generate the ISOPEDAC input. Conversely, an 
ISOPEDAC-initialized system would automatically create PIPDYN 
geometric data from the ISOPEDAC input language. Finally, a 
sketch-initialized scheme would create a central geometric data 
base from which input for both programs would be derived. 
The PIPDYN-initialized scheme fits well into the design 
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procedure, since the stress analysis is generally done before the 
ISOPEDAC input is coded. This scheme, however, does not merit 
serious consideration, primarily because the most time-comsuming 
step, the PIPDYN input, is not eliminated. In addition, the 
ISOPEDAC input language is designed for easy manual coding and is 
not well suited for computer generation. 
On the other hand, generation of the PIPDYN geometric input 
from ISOPEDAC is not as difficult, especially if the geometry 
breakdown section of the ISOPEDAC program is utilized to first 
decode the input into a more readily-useable form. This scheme, 
however, requires a shift in the relative timing of the two 
operations. Performing the ISOPEDAC coding ahead of the stress 
analysis causes no problems except in the few cases of 
overstressed lines. When this occurs, the ISOPEDAC code would 
have to be redone after the stress analysts and designers have 
modified the pipeline. Also, only lines which are processed 
through ISOPEDAC would be eligible in the scheme. This includes 
all of the cold box lines, which are the primary concern, and an 
occasional yard piping system. 
The third possible solution is the sketch-initialized 
scheme. A centralized geometric data base for each pipeline 
would be created by "sketching" it on an interactive computer 
graphics terminal. An operator might enter three-dimensional pipe 
centerline intersection coordinates to develop a computer model 
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of the piping system on the terminal screen. The addition of 
other parameters, such as the nominal pipe diameter, the pipe 
material, and the fitting information, would completely describe 
the pipeline. This data would be stored on a permanent computer 
file and accessed by the PIPDYN and ISOPEDAC programs through 
special interfaces, thus eliminating the manual input of geometry 
to both programs. 
This graphics sketching system and the creation of a 
centralized piping data base has many advantages. However, such a 
system would require a great deal of software development, first, 
to allow for creation of the data base, and second, to interface 
this centralized piping data with the ISOPEDAC and PIPDYN 
progams. In-house development of such a system carries with it 
prohibitively high development costs and a relatively long lead 
time. Therefore, a system of this type would be better integrated 
into the purchase of a complete computer-aided design package, 
when such a system becomes available. 
This examination of PIPDYN and ISOPEDAC data sharing schemes 
leaves only the ISOPEDAC-initialized system for serious 
consideration. The system requires the development of an 
ISOPEDAC-to-PIPDYN interface for use by the stress analysis group 
(preferably with computer-generated pipeline isometric drawing 
capability), and a slight restructuring of the present design 
procedure.   This  represents the least amount of software 
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development, while still satisfying the project objectives and 
requires only a slight change to the piping design procedure. 
1.5 Cost Justification ' 
A thorough cost analysis of the ISOPEDAC-initialized scheme 
has determined the feasibility of system development. Table 
1.5-1 was assembled with the help of the stress analysis group 
and projects a savings in stress analysis labor costs of more 
than $50,000 a year (based on 1981 data). This projection was 
based on the current work load and on an expected 58 percent 
reduction in PIPDYN input preperation time as a result of the 
automatic generation of pipeline geometry data and isometric 
drawings. Although only cold box work was considered, any yard 
or other piping run through ISOPEDAC could also be used with the 
interface and would result in additional savings. 
Other costs and savings were determined in a similar manner 
with the results appearing in the cost/benefit analysis in Table 
1.5-2. Development costs are based on six months of full time 
work during the summers, plus an expected four man months of part 
time work during the school year. This analysis predicts a total 
development cost of $25,000, resulting in an net annual savings 
of $32,800 or a payback period of less than one year. 
Considering a total development time of approximately fourteen 
months, this system could be in use for almost two years before 
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Six Stress Analysts 12,480 hrs/yr 
Percentage of productive time      x  .80 
Actual Stress Anaylsis 9984 hrs/yr 
Percentage of cold box work       x  .333 
Cold Box Stress Analysis 3328 hrs/yr 
Percentage of time saved x  .58 
Total Time Savings 1930 hrs/yr 
Stress analysts hourly rate       x 26.00 $/hr 
Total Cost Savings 51,800 $/yr 
Table 1.5-1 Stress Analysis Labor Savings 
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Development Costs 
$12,000     Six man months development based on $2000 per 
salaried man month 
$10,000     Computer costs for software development based on 
$1000 per man month 
$3,000     Cost for support by Management Information Systems 
$25,000 
Annual Costs 
$22,200     Computer costs associated with running of the 
interactive interface program 
$1,800     Cost of recoding ISOPEDAC for a 10% spool 
modification rate 
$24,000 
Annual Benefits 
$51,800     Stress analysis labor cost savings 
$5,000     Computer cost savings from a reduction of 10% in 
PIPDYN inputting errors 
$56,800 
Net Annual Benefits 
$56,800     Annual benefits 
-$24,000     Annual costs 
$32,800 
Table 1.5-2 Cost/Benefit Analysis 
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the implementation of a complete CAD system. This would result in 
a substantial savings, indicating that the ISOPEDAC-to-PIPDYN 
interface would be a worthwhile development. 
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CHAPTER 2 
DESIGNED SYSTEM 
2.1 System Objectives 
The primary objective in the design of the 
ISOPEDAC-to-PIPDYN interface is to reduce the preparation time of 
a PIPDYN-II input deck for a static stress analysis without 
compromising the flexibility currently available to the stress 
analysts. By utilizing the ISOPEDAC input language to generate 
the pipeline geometry for PIPDYN, much of this objective is 
achieved. There are, however, other steps in the stress analysis 
which must be considered if maximum benefit is to be derived from 
this interface. 
The excessive amount of time spent preparing the pipeline 
isometric drawing would be reduced by incorporating a computer 
graphics facility in the ISOPEDAC-to-PIPDYN interface. A clear 
visual representation of the pipeline is essential for the stress 
analysis and also for permanent documentation. The hand drawn 
isometric (Figure 1.2-1) is tailored by the stress analyst to 
produce a clear picture of the pipeline. By not drawing the 
pipeline in scale, confined areas are expanded and long runs 
compressed to yield a drawing on which information is more evenly 
distributed over the sheet, making it easier to read. 
Accomplishing this with a computer-generated drawing is extremely 
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difficult. However, use of an interactive, on-line system with a 
versatile plotting facility would permit scale pipeline plots to 
be drawn quickly and manipulated on the screen of a computer 
graphics terminal. 
Discussions with members of the stress analysis group have 
determined that incorporation of an interactive plotting facility 
is necessary to achieve the primary objective of the 
ISOPEDAC-to-PIPDYN interface. However, the flexibility of this 
facility is critical to the success of the entire project. The 
stress analysts must be able to get a sense of the actual size 
and layout of the pipeline (from a computer-generated, 
dimensionless, scaled centerline plot) if the analysis is to be 
performed properly. Accomplishing this requires interactive 
software containing view and query options which are easy to use 
and can produce results quickly. These options should include 
viewpoint selection so that an isometric, orthographic, or any 
type plot could be drawn and also a facility to "window-in" on 
sections of the plot so that congested areas could be enlarged 
and seen more clearly. Query options should primarily include the 
ability to ask the system for joint coordinates, dimensions, and 
nominal pipe diameters so that the general size of the pipeline 
can be determined. Finally, the interface must have the ability 
to generate clear, permanent copies of the pipelines for 
documentation purposes. 
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Spool connection is another area which must be considered if 
the ISOPEDAC-to-PIPDYN interface is to meet its objective. The 
pipe spools processed through ISOPEDAC are generally not the 
anchor-to-anchor pipelines which are required for stress 
analysis. To form a pipeline for stress analysis, the system must 
be able to work with several ISOPEDAC pipe spools and connect 
them. A problem arises when two spools which were intended to 
connect do not line up properly. This could be a common 
occurrence due to some of the practices of the ISOPEDAC coding 
group. One example of this can be seen in Figure 2.1-1. In this 
case the two spools should join on a skewed tee branch, but the 
branch was coded into ISOPEDAC in the closest principle direction 
(either X, Y, or Z), not the actual skew direction, and the 
elements do not line up. This is done because the dimensioning of 
short skew elements on the ISOPEDAC-generated isometric plots is 
difficult to read. These cases are then manually adjusted, with 
the addition of a section detail for the skewed tee, before the 
drawings are issued for fabrication. 
The interface should permit convenient pipe spool connection 
if it is to be effective. A connection facility which joins 
spools automatically by matching and aligning end-joints would be 
much more efficient than any type of manual connection process. 
This scheme also requires a modification facility which would 
allow the pipe stress analysts to alter the pipe spool geometry 
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Figure 2,1-1    Common Spool Connection Problem 
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within the interface program while leaving the original ISOPEDAC 
language intact. Modification options should probably include 
joint translation, and element addition and deletion. Another 
option should allow for elimination of entire spools mistakenly 
thought to connect to the complete pipeline. In the same way, a 
spool addition facility would be needed for adding forgotten 
lines after the initial connected pipeline is created. 
Using the ISOPEDAC-to-PIPDYN interface with the features 
described, the stress analyst could assemble an anchor-to-anchor 
pipeline and visually inspect it with the plotting facility. A 
PIPDYN input deck created at this stage would include the 
coordinates of each joint in the pipeline and the element 
connectivity data: the type of each element, the joint numbers it 
runs between, and the radii of the elbows and bends. These are 
the two largest sections of the PIPDYN input deck which can be 
seen in Appendix A. 
The interface cannot generate the complete element 
connectivity input, however, because ISOPEDAC contains only the 
nominal pipe diameter and not the required outside pipe diameter, 
pipe wall thickness, and pipe weight per length. Determination 
of these element parameters requires the nominal pipe diameter, 
the appropriate Air Products' pipe specification, and a chart of 
standard pipe dimensions for the type of pipe being used 
(aluminum, stainless steel, carbon steel, copper).  To do this 
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manually and to add the parameters to the input deck would be 
tedious and generally not in line with the objective of the 
interface. A more desirable technique would be to create a 
permanent computer file containing this data. The data could then 
be automatically retrieved, using the nominal pipe diameter and 
the pipe specification contained in ISOPEDAC, and inserted into 
the PIPDYN input deck. 
Similarly, other data not directly available from ISOPEDAC 
could be added to the PIPDYN deck. This includes flange 
dimensions, material property data, and tee reinforcement data. 
The flange element data is similar to that required for the pipe 
elements except that it also depends on the pressure class of the 
flange, which is available from ISOPEDAC. The material property 
section of the PIPDYN input contains the physical properties for 
each type of pipe used in the analysis. The data includes a table 
of elastic modulas, Poisson's ratio, and coefficient of thermal 
expansion at several temperatures in the range of interest. 
Finally, the tee reinforcement section identifies the type of tee 
used at each branch point in the pipeline (unreinforced branch, 
reinforced branch, welded tee, sockolet, etc.). This can be 
determined from the nominal branch and run pipe diameters along 
with the appropriate Air Products' tee specification. 
Utilizing these files, the ISOPEDAC-to-PIPDYN interface can 
generate all the geometric data for a PIPDYN input deck. There 
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are, however, still other parts of the input which must be 
specified by the stress analyst. These include pipe branches, 
boundary constraints, load conditions, and post-processor plot 
file names. In addition, the stress analyst often needs to alter 
the pipe weights by adding the weight of the internal fluid and 
any external insulation and sheeting. All of this information 
could be efficiently inserted into the PIPDYN input deck by the 
interface program if routines were incorporated for the 
collection of the data. However, the routines must be "user 
friendly", promoting easy use, if they are to be accepted by the 
stress analysts and used effectively. Stress intensification and 
flexibility factors are also put into the PIPDYN input deck for 
special situations. These situations occur very infrequently and 
therefore do not deserve consideration in the interface. 
Finally, the ISOPEDAC-to-PIPDYN interface must be compatible 
with the new version of ISOPEDAC (release 28) as well as with 
release 24 which is currently in use. The need for dual 
compatibility is primarily due to the changes in the ISOPEDAC 
input language. Air Products maintains a library of all the 
ISOPEDAC code and occasionally spools are reused when similar 
plants are designed. Therefore release 24 and all of its files 
will still be available for rerunning old spools while release 28 
is being used in production. In order for the stress analysts to 
utilize the interface with these old spools, it too must still be 
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compatible with release 24. Also the new version was expected to 
arrive sometime during the development of the ISOPEDAC-to-PIPDYN 
interface, but not to be in use until after the stress analysts 
were using the interface in production with release 24. 
2.2 System Description 
The ISOPEDAC-to-PIPDYN interface has been named ISOPIPE and 
will be referred to as such from this point on. ISOPIPE has been 
designed to meet the objectives which have been previously 
described. It is an interactive Fortran program designed to 
operate on TSO <7>, the time sharing system on Air Products' 
mainframe computer, via a Tektronix <8> 4010 series graphics 
terminal. The program is organized as a set of parallel 
subprocessors which are shown in Figure 2.2-1. These represent 
the ISOPIPE commands, comprising the initial choices in a 
hierarchical menu structure. Below each of the commands there can 
be a set of subcommands and a keyword level under that. These 
can all be seen in Figure 2.2-2 which shows the overall program 
command structure. Each subprocessor is independent of the 
others, except that each accesses the same data within the 
program. A sequence of several subprocessors will be required to 
assemble and analyze a complete pipeline. Additional information 
on all of the commands can be found in the ISOPIPE User's Manual 
in Appendix B. 
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Figure 2.2-1    ISOPIPE Subprocessor Organization 
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Commands 
START 
ADD 
DELETE 
MODIFY 
CONNECT 
PLOT 
Subcommands 
CURSOR 
"KEYBOARD 
"PLOT • 
"AUTOPLOT 
"LENGTH 
"TRANSLATE 
Keywords 
ROTATE 
ADD 
DELETE 
"EXIT 
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"WINDOW 
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"EXIT 
"POINT 
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"EXIT 
"RELATIVE 
ABSOLUTE 
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"END 
Figure 2.2-2 ISOPIPE Command Structure 
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Commands Subcommands 
|  LABEL 
Keywords 
AXIS 
|  NODES 
|  JOINTS 
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Figure 2.2-2 ISOPIPE Command Structure (cont.) 
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Commands Subcommands 
UNIFORM 
WEIGHT 
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_START_ 
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DELETE 
"PLOT 
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"EXIT 
"PIPE 
"START 
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Figure 2.2-2 ISOPIPE Command Structure (cont.) 
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Commands Subcommands Keywords 
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Figure 2.2-2 ISOPIPE Command Structure (cont.) 
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Commands Subcommands Keywords 
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Figure 2.2-2 ISOPIPE Command Structure (cont.) 
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The START subprocessor is the heart of the ISOPIPE 
interface. Its main function is to read in ISOPEDAC language and 
manipulate it, with data from the permanent files, to produce a 
pipe spool with the proper fittings. The code is called in from 
the ISOPEDAC detail language file and processed through a 
slightly modified version of the coarse geometry breakdown 
section of ISOPEDAC. The result of this operation is a copy of 
ISOPEDAC file 10, a temporary, direct access file. Known as the 
intermediate geometry breakdown file, it basically contains 
centerline geometry for each pipe spool processed. Table 2.2-1 is 
a copy of this file for the pipe spool previously seen in Figure 
1.2-2. The first six lines make up the batch header records which 
usually precede a batch of several ISOPEDAC lines. These contain 
a specification link name (standard), drawing number, date, some 
ISOPEDAC job control parameters, and a title. The next record is 
the line header which most importantly contains the Air Products' 
pipe specification (SS2.7). Next are many detail records which 
constitute the elements of the spool. The first three entries of 
a detail record form a relative centerline intersection point 
vector. The values are in sixteenths of an inch and in the east, 
north, and up directions which correspond to the X, Y, and Z 
directions in ISOPIPE. The second line of the detail record 
begins with the element type number which identifies the type of 
piping component contained within the given dimension. Typical 
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STANDARD      ««15874  5874 1131 SSTL 
26/06/81 
HO VES MO NO VE5 VES VES VES 
IPDFR1/S IPDER1/S 
: 111:11: : t:: 11: i 
15    CHEURON PAINTER 
035-233 03S- SEE  DOC  1-5874-11.31SS2.7       OCAPA1RCBSSAPA    U 0 
no 1 V :t.): i. I <:.>::.) 
-320 e 0        320 
i   96    e    e      384 i8e    e    e    2    e 
::: 111111:1111 s: 1111J i: i 
0      1216 0      12J6 
1    96      0      6      1216 180      0      0      4      0 
1: 111:111:):: 11::!::: i:: 
-864 0 0        864 
1 96      0      6        864  180      0      0      3      0 
: 11! i: 11::::! i: i: i;:: 11: 
0 0        256 256 
3    96    64      1        256 0      0      0      1       1 
11:11: t:::::: 111:11::::: 
86 0 0 86 
2 64      00 86 00000 
:: 1111111 i t:   :::::: 
0 0        256        256 
1 96      0      0        256 180      0      0      1      0 
: i:t::111:i>::: i:::::::: 
144 0 0 144 
29600 144 00000 
:s:; t i i::: t: i::::::::::: 
256     0     0   256 
9 96  0  1   256  0 857  0  1  OUALUE 
11! > ■: i:! 111:::::::: t: s 
96     0     0    96 
3 96 64  l    96  0  0  0  3  1 
> 11111::: 11:: i:::::: i:: 
0     0    86    86 
2 64  0  0    86  0  0  0  0  0 
111111: t il:: : :&6iI:i 
240     0     0   240 
1  96  0  0   240 180  0  0  3  0 
:: 111111::: 11: t: 11:;::: 
0     0  1450  1450 
1  96  0  0  1450 180 148  0  5  0 
t > 111111::: :i 11:i:::i:: 
-1248  -352     0  1297 
1 96  0  0  1297 180  0 148  6  0 
111: t: 1111:: I ::: i;:: i: t 
• 0       -144 144 
29600        144      0      0      0      0      0 
111! 11111: i::::::: :M :: 
-10    21568    20096    20128 14     19808    20960    21946 0 0 © 0 
"0 00 0 0 
00 00  
END 
0 
-1 
1216 0 
PLAIN 
1216 
£ND 
xxxx 
0 
-864 
0 
0 0 864 xxtt 
0 
0 
0 
0 256 2S6 xxxx 
0 
86 
0 
0 0 86 XXXX 
0 
0 
0 
0 0   tssx 
0 
144 
0 
0 0 144 XXXX 
0 
256 
0 
0 0 256 xxxt 
0 
96 
0 
0 0 96V XttX 
0 
0 
0 
0 86 86 xxxt 
0 
0 
0 
0 0 0 txxx 
0 
0 
0 
0 1450 1450 . xxxt 
0 
1248 
0 
-352 0 1297 xxxt 
0 
0 
0 
0 -144 144 XXXX 
0 
0 
0 
0 0 0 xxxx 
0 
Table 2.2-1    ISOPEDAC Intermediate Breakdown File 
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piping components include straight pipes, elbows (90 degree pipe 
bends)j tees (pipe branch connections), bends (obtuse angle pipe 
bends), and reducers (changes in pipe cross section). This is 
followed by the first end nominal pipe diameter and, if different 
(as in the case of a reducer element), the second end nominal 
pipe diameter. Other pertinant information in the detail records 
includes flanged end indicators and special element data. A 
flange is a piping component which permits pipes to be bolted 
together, an example can be seen in Figure 2.2-3. Special 
elememts include any nonstandard piping components such as: 
valves, material transition joints, and expansion bellows. The 
line trailer record follows the details and includes the absolute 
start and end point coordinates. The last record is the batch 
trailer record which indicates the end of the batch of pipe 
spools. 
Once the intermediate breakdown file has been created, it is 
read by ISOPIPE and put into the breakdown arrays. The breakdown 
joint array contains the absolute X, Y, and Z coordinates of each 
centerline intersection point in units of feet. The breakdown 
element array also works in units of feet and contains an entry 
for each record of file 10. It includes the joint number at each 
end of the element, the element type, the total length, the 
nominal pipe diameter at each end, flanged end indicators, any 
special element item codes,   and the included angle of any    obtuse 
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Figure 2.2-3 Weld Neck Flange 
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bends. At this stage, the spool does not really distinguish the 
elbow, bend, or flange components which are only identified as 
end conditions. An elbow element entry consists of the linear 
distance from the starting point to the centerline intersection 
point of the elbow at the second end. That is, a length of 
straight pipe could precede the elbow, or other end condition, 
depending on the total element length. The start and end joints 
of the elbow are not known and cannot be determined until the 
bend radius is obtained. 
This is where the interaction with the permanent ISOPEDAC 
and ISOPIPE files becomes necessary. The ISOPEDAC pipework file 
contains fitting dimensions for all the ISOPEDAC element types. 
These are dependent on the known pipe specification and the 
nominal pipe diameter. Using data from this file, the elbows, 
obtuse bends, and flanges are inserted into the pipe spool. Weld 
neck flanges, however, must be broken into two elements for the 
PIPDYN program due to their discontinuous nature, as can be seen 
in Figure 2.2-3. This intermediate flange dimension is not 
available from ISOPEDAC or any of its files and must therefore be 
included and accessed from an ISOPIPE flange file. 
The result of this manipulation is that each element or pipe 
component exists on its own, possessing a unique pair of start 
and end joints. All of the data is assembled and stored in what 
is known as the unconnected ISOPIPE data base, since it contains 
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many ISOPEDAC spools which are not joined together. This data 
base includes an element array and a joint array which are made 
up of the attributes listed in Table 2.2-2 and Table 2.2-3 
respectively. These arrays can contain upto 1000 elements and 
upto 800 joints, the limits of the PIPDYN stress analysis 
program. There is also another similar array in the unconnected 
IS0PIPE data base which contains the center of curvature 
coordinates for all elbow and bend elements. The joints in the 
unconnected data base are numbered so that the spools can be 
distinguished from each other. These spools then need only to be 
connected to form the anchor-to-anchor pipeline required for 
stress analysis. 
The next subprocessor in Figure 2.2-1 is the ADD 
subprocessor. This command works exactly as START except that 
the unconnected data base is not formed from scratch. Rather the 
existing data base is augmented by appending new geometric data. 
This permits new pipe spools to be added into IS0PIPE at any 
time. Conversely, the DELETE subprocessor allows the stress 
analyst to remove a pipe spool from the unconnected data base as 
well as from the connected IS0PIPE data base described next. 
After executing any of the three ISOPIPE commands just 
described, the CONNECT subprocessor is automatically executed. 
Its function is to join the spools from the unconnected data base 
and form an anchor-to-anchor pipeline in what is known as the 
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1. Joint number at first end 
2. Joint number at second end 
3. Element type code 
1 = elbow 
2 = straight 
3 = tee 
5 = concentric reducer 
6 = eccentric reducer 
7 = obtuse bend 
9 = special 
17 = flange neck 
18 = flange 
4. Element length (feet) 
5. Nominal pipe diameter at first end (feet) 
6. Nominal pipe diameter at second end (feet) 
7. Obtuse bend angle (radians) 
or 
Flange end code 
1 = first end weld neck flange 
2 = second end weld neck flange 
-1 = first end slip-on flange 
-2 = second end slip-on flange 
8. ISOPEDAC item code 
9. ISOPEDAC batch header name 
10. ISOPEDAC line name 
11. Air Products' pipe specification 
12. PIPDYN branch number 
13. PIPDYN uniform load case number 
14. Additional element weight (pounds) 
Table 2.2-2 ISOPIPE Element Attributes 
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1. Joint number 
2. Absolute X joint coordinate (feet) 
3. Absolute Y joint coordinate (feet) 
4. Absolute Z joint coordinate (feet) 
5. PIPDYN joint boundary constraint 
0 = no constraint 
1 = anchor 
2 = special 
3 = skew 
Table 2.2-3     ISOPIPE Joint  Attributes 
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connected data base. This data has the same layout described in 
Table 2.2-2 and Table 2.2-3 and is thus compatible with the 
unconnected data base. During the initial execution of the 
CONNECT subprocessor, the largest diameter pipe spool which is 
closest to the bottom of the cold box is automatically selected 
to begin the connected pipeline. When this spool is found it is 
moved into the beginning of the connected data base and the 
unconnected data base is compressed. The two ISOPIPE data bases 
are then searched for matching end joints. A match is found when 
the end joint coordinates agree to a specified tolerance and the 
elements to which they belong line up properly. The matching 
unconnected spool is. then inserted into the connected data base 
and it is renumbered so that a continuous pipeline is formed. 
This process continues until all possible joint matches have been 
attempted. ISOPIPE then lists the final connection status at the 
terminal, identifying any remaining unconnected spools. 
The MODIFY subprocessor is next in Figure 2.2-1. Its 
function is to allow the stress analysts to alter the pipeline 
geometry within ISOPIPE. This includes changes to the unconnected 
pipelines as well as to the connected pipeline. The primary 
features of this subprocessor are controlled by the TRANSLATE, 
ROTATE, ADD, and DELETE subcommands. The TRANSLATE option will 
move one or more joints in the X, Y, and Z directions. ROTATE 
permits one or a group of joints to be rotated about another 
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section of the pipeline. Piping elements can be added to and 
deleted from the pipeline with the ADD and DELETE subcommands. 
With these capabilities, the stress analyst can modify spools 
which did not properly align for connection, as in the skewed tee 
case of Figure 2.1-1. These changes must be followed by execution 
of the CONNECT command in order to join the pipelines in the 
connected data base. In addition, MODIFY allows the pipeline 
geometry to be altered to reduce stresses found in a previous 
PIPDYN analysis. 
Intertwined with all of these subprocessors is the PLOT 
subprocessor which provides the stress analyst with a visual 
representation of the pipeline. The PLOT command can be executed 
at any time to display the connected pipeline or any unconnected 
pipe spool on the graphics terminal screen. The pipelines are 
drawn in a nominal isometric view but can be viewed from any 
point desired by altering the view point and/or the up-axis 
direction with the VIEW and UP-AXIS subcommands. Other 
interactive capabilities include enlargement of selected areas of 
the plot and determination of joint-to-joint distances and 
element nominal diameters. Many plot labeling options are 
available, including a directional coordinate axis, a plot title 
with boarder, and pipeline joint and element numbering. Figure 
2.2-4 shows an isometric view of a pipeline with axis, title, and 
joint number labels.    These labels will continue to appear on all 
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Figure 2.2-4 ISOPIPE Plot Labels 
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the plots generated until the labels are turned off. 
Calcomp-type <9> hard copies can be produced for any plot on the 
terminal screen by using the CALCOMP subcommand. The plot data is 
transfered to an intermediate plot file which can be processed at 
the end of the ISOPIPE program to produce the actual drawings. 
The six commands which have been described provide a great 
deal of flexibility in the formation of a complete 
anchor-to-anchor pipeline from standard ISOPEDAC data. However, 
additional information is still required to complete the PIPDYN 
input deck for a static pipe stress analysis. The PIPDYN 
subprocessor allows for the collection of this data which 
includes the definition of branches, boundary conditions, load 
conditions, additional element weights, and special element 
section properties. When all of the PIPDYN data has been 
assembled, the PIPDYN WRITE command can be issued to create card 
images of a PIPDYN input deck (including the job control cards) 
on a user defined file. The material property data, pipe and 
flange section data, and tee reinforcement data needed to 
complete the PIPDYN deck are retrieved from the permanent ISOPIPE 
files. The user then has the option of submitting the job 
directly for batch processing or later calling up the file on the 
SUPERWYLBUR <10> text editor and submitting it from there. This 
gives the stress' analysts the versatility of the text editor for 
making any changes to the input deck before running the job. An 
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analysis which needs to be rerun due to a minor error can be 
quickly corrected and submitted from the text editor. 
The remaining subprocessors provide various utilities. The 
WRITE and READ commands allow for convenient interruption and 
continuation of an ISOPIPE session. The WRITE command creates a 
formatted ISOPIPE file which contains all of the current program 
data. This file can then be read into the program using the READ 
command. At this point processing can continue. The FILES 
subprocessor allows the stress analyst to maintain the four 
permanent ISOPIPE files containing material properties, pipe 
section properties, flange properties, and tee types. Various 
options are provided for viewing, modifying, and augmenting the 
data in these files. The TERMINAL command permits program 
reinitialization if an error has occurred during the normal 
initialization procedure. The DEBUG subprocessor contains options 
for viewing intermediate terminal output at different stages of 
the program. This data aids in locating and solving any problems 
which might arise. Finally, the STOP command terminates the 
ISOPIPE program and initiates the plot post-processor, which will 
create a job to convert an intermediate plot file into 
Calcomp-type plots. 
The overall ISOPIPE system, with its peripheral files, can 
be seen in Figure 2.2-5. On the left are the three ISOPEDAC 
components of the system. The first file, from top to bottom, 
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Figure 2.2-5 ISOPIPE Data Flow Diagram 
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contains the ISOPEDAC input language. In addition to the 
production ISOPEDAC language file (ISOPEDAC Data Library), a 
special file has been setup specifically for the stress analysts 
(Stress Data Library). This gives them the ability to write their 
own ISOPEDAC code when the production code does not exist. The 
next ISOPEDAC component is the modified geometry breakdown 
section of the program for either release 24 or release 28. 
Finally, either the cold box or the yard set of ISOPEDAC files is 
needed. The user chooses the option desired, in all three cases, 
by answering three prompts at the beginning of the program. The 
ISOPIPE permanent files include the four files previously 
described. The material file contains the material property data 
required for a PIPDYN stress analysis for all the standard pipe 
materials. Pipe and fitting cross section dimensions and weights 
are contained in the ISOPIPE pipe section file for each Air 
Products' pipe specification. The flange file holds the 
necessary flange dimensions for each class of raised face 
flanges. Finally, the tee type file contains a table which 
determines the type of branch connection to be used for every 
combination of pipe nominal diameters in each Air Products' 
specification. Typical data from each of these four files, as 
viewed with the FILES subprocessor, can be seen in Table 2.2-4 
through Table 2.2-7. All of the remaining files are temporary 
and opened dynamically within the ISOPIPE program. The IPF 
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MATERIAL  OR 
ELASTIC 
TEMPERATURE MODULAS IFl (PS! ) 
200.0 9800000.0 100.0 10O00OO0.0 
70.0 1O100OO0.0 
-IOC.O 10600000.0 
-200.0 10900000.0 
-325.0 113O0OO0.0 
MATERIAL   SS 
ELASTIC 
TEMPERATURE MOOULAS IFl IPS! 1 
700.0 24800000.0 600.0 2S4OOOO0.0 
500.0 26100000.0 
400.0 26600000.0 
300.0 27100000.0 
200.0 27700000.0 
70.0 28300000.0 
-100.0 29400000.0 
-200.0 299000O0.0 
-325.0 30400000.0 
MATERIAL  CS 
ELASTIC 
TEMPERATURE MODULAS (FI IPS! 1 
700.0 24QOCC00.2 600.0 2S700000.0 500.Q Z6400000.0 400.0 27000000.0 300.0 27400000.0 200.0 27700000.0 70.0 27900000.0 
- 100.0 29000000.0 
MATERIAL   CT 
TEMPERPTURE ELASTIC MOOULAS IFl IPSI 1 
400.0 151000O0.0 300.0 IS40OOOO.0 
200.0 15600000.0 
100.0 16800000.0 70.0 16000000.0 
-100.0 165O0OO0.0 
-200.0 16700000.0 
-325.0 17O000O0.0 
POISSON'S       COEFFICIENT  OF 
RATIO        THERMAL   EXPANSION (IN/IINaFl) 
0.3000 
O.30O0 
0.3000 
0.3000 
O.30O0 
0.3000 
0.0000129500 
0.0000123SOO 
0.0OO01Z2S00 
0.0000112500 
0.0000106100 
0.0000099000 
POISSON'S       COEFFICIENT   OF 
RATIO       THERMAL EXPANSION 
UN/IINBFI ) 
0.3000 
0.30O0 
0.3000 
0.3000 
0.30O0 
0.3000 
0.3000 
0.30CC 
0.3000 
0.3000 
0.0000099200 
0.0000096200 
0.0000097000 
0.0000095900 
0.0000094700 
0.0000093400 
.0.0000091100 
0.0O000B7500 
0.0000094700 
0.OOO00B1500 
POISSON'S       COEFFICIENT  OF 
RATIO       THERMAL  EXPANSION 
(IN/11N«FII 
0.OCOO074400 
0.0000072300 
0.0000070200 
0.0000068200 
0.0000066000 
0.0000063900 
0.0000060700 
0.0OO00S6500 
POISSON'S       COEFFICIENT  OF 
RATIO       THERMAL  EXPANSION 
I IN/IIN«FJI 
0.3000 
0.3000 
O.3000 
0.3000 
0.3000 
0.3000 
0.3000 
0.3000 
0.0000102300 
0.0000101200 
0.0000100300 
0.0000096600 
0.OO00O9S70O 
0.0000089500 
0.0000086500 
0.0000084000 
Table 2.2-4 ISOPIPE Material File Data 
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PIPE 6PECIFICPTI0N 662.7 
PIPE PIPE F1TTIN0 FITTING 
NOMINAL OUTSIDE WALL PIPE OUT6IOC WPCL ELBOW BEND 
01RMETER DIOMETER THICKNESS WEIGHT DIRMETER THICKNESS WEIOHT WEIOHT 
1 INI ( INI 1 IN) tLB/FT 1 UN) (IN) ILBVFT1 I LB/FT) 
0.250 0.540 0,065 0.336 0.9O6 0.271 1 .948 2.152 
0.375 0.675 0.065 0.432 I .063 0.285 3.463 3.236 
0.500 0.B40 0.083 0.683 O.B40 O.083 O.B83 0.683 
0.750 1.050 '     0.083 0.873 1.060 0.083 O.B73 0.873 
1.000 1.315 0.109 1.430 1 .315 0.109 1 .430 1.430 
1.500 1.900 0.109 2.125 1.900 0. 109 2. 126 2.125 
2.000 2.375 0.109 2.688 2.375 0.109 2.688 2.688 
2.SO0 2.875 0.083 2.521 2.B7S 0.063 2.521 2.521 
3.000 3.500 0.083 3.067 3.600 0.063 3. D87 3.D87 
4.000 4.500 0.083 3.989 4.500 0.083 3.989 3.989 
6.000 6.625 0.109 7.729 6.625 0.109 7.729 7.729 
8.000 8.625 0.109 10.101 8.625 0.109 lO. lOl 10.101 
10.000 10.750 0.134 15.48! 10.750 0.134 15.461 16.461 
12.000 12.750 0.156 21.380 12.750 □ . 156 21.380 21.360 
14.000 14.000 0.250 37.408 14.ODD . 0.250 37.408 37.408 
16.000 16.000 0.250 42.649 16.000 0.250 42.849 42.B49 
IB.000 18.000 0.2S0 48.290 18.000 0.260 48.290 48.290 
20.000 20.000 0.250 53.794 20.000 0.250 53.794 53.794 
24.000 24.000 0.250 64.689 24.000 0.250 64.689 64.689 
Table 2.2-5    ISOPIPE Pipe Section File Data 
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TEE SPECIFICATION BS2.7 
BRANCH 
NOMINAL 
DIAMETER 
I INI 
24.000 
20.OOO 
IB.OOO 
16.OOO 
14,OOO 
12.000 
10.000 
B.000 
6.000 
4.000 
3.000 
2.BOO 
2.000 
1.500 
1.000 
0.7SO 
0.500 
0.375 
0.250 
T 
U 
u 
u 
h 
U 
U 
U 
U 
u 
u 
u 
s 
5 
S 
S 
5 
5 
S 
T 
U 
U 
U 
U 
u 
u 
w 
i-l 
W 
w 
s 
s 
s 
s 
s 
s 
s 
T 
U 
W 
w 
M 
W 
W 
W 
w 
w 
5 
s 
S 
S 
S 
S 
S 
T 
U 
U 
w 
w 
u 
u 
w 
u 
5 
s 
s 
s 
s 
s 
5 
T 
u 
w 
hi 
M 
w 
u 
w 
s 
s 
s 
s 
5 
s 
s 
T 
u 
u 
w 
u 
u 
H 
s 
s 
5 
s 
5 
S 
5 
T 
W 
kl 
W 
u 
u - 
s 
s 
s 
s 
s 
8 
S 
T 
W 
u 
w 
w 
s 
s 
s 
s 
s 
s 
s 
T 
u 
u 
u 
s 
5 
s 
s 
5 
S 
5 
T 
W 
U 
s 
s 
s 
s 
s 
s 
s 
E 
E 
E 
E 
E 
5 
5 
E 
E 
E 
E 
6 
S 
R » REINFORCED BRANCH 
B ~ UNREINFORCED BRANCH 
C « COUPLINO WITH BRANCH 
S » SOCKOLET 
W = WELDOLET 
T « BUTT WELD TEE 
RT» BUTT WELD REDUCE TEE 
U - SOCKET WELD TEE 
E » BELLED END TEE 
E 
E 
U 
U 
u 
u 
24.000      16.000      14.000      10.000        6.000        3.000       2.000        I.000        0.500        0.2SO 
20.000     16.000     12.000       8.000      4.000       2.500        1.500       0.7S0       0.375 
HEAOER NOMINAL  DIAMETER   UNI 
Table 2.2-6 ISOPIPE Tee Type File Data 
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FLONOE  CLOSE     300 
N0M1NRL FLANOE                HUB            FLRffiE 
DIRIiETER DIPMETER    DIAMETER THICWC56 
I INI (INI 
0. BOO 3. 7S0 
0.7S0 4.625 
I . 000 4 . B76 
1.500 G.125 
2. OOO 6. SOO 
2. SOO 7. SOO 
3.000 8.2S0 
4.OOO 10.000 
6.000 12.500 
a.ooo is.ooo 
10.000 17.SOO 
12.000 20.500 
14.000 23.000 
16.000 2S.500 
18.000 28.000 
20.000 30.500 
24.000 36.000 
30.000 43.000 
36.000 50.000 
42.000 67.000 
t INI t INI 
1 .500 O.E63 
1 .976 0.625 2. I2S 0.698 2.750 0.813 3.313 0.B76 
3.936 1 .000 
4.625 1 .125 
B.750 1.-250 8. 125 1.438 10.250 1.625 I2.62S 1.876 
14.-7S0 2.OOO 
IS.7S0 2. 125 
19.OOO 2.250 21.OOO 2.375 
23.125 2.500 
27.B2S 2.750 32.563 3.625 
39.OOO 4. 125 
45.438 4.625 
Table 2.2-7 ISOPIPE Flange File Data 
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(intermediate plot file) processor is executed by the ISOPIPE 
post-processor as stated before. The user may alter the plot size 
and position with the post-processor to obtain plots of up to 
three feet in width. 'The IPF processor creates a Calcomp plot 
tape which is used to produce the plots on a Versatec <11> 
electrostatic plotter. 
ISOPIPE has been designed to present the user with as 
friendly an "environment as possible. Inputting conventions have 
been patterned after the MENTAT <12> program which is considered 
to be "user friendly". MENTAT is an interactive finite element 
pre-processor which is used by Air Products' stress analysts. It 
is therefore an excellent model since the stress analysts are 
already familar with the operation of MENTAT and a certain amount 
of program standardization is achieved as well. 
As previously described, the ISOPIPE subprocessors represent 
the commands at the uppermost level of a hierarchical menu 
structure. Each is executed by entering the subprocessor name 
while in the ISOPIPE command level. Subcommands and keywords are 
similarly accessed when in the appropriate level of the program. 
These commands can be up to twelve characters long and can 
therefore be descriptive of the operations which they perform. 
The user need not memorize program codes and their associated 
functions. By simply looking at a list of valid commands, which 
can be displayed at any point in the program by entering "HELP", 
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the user can quickly determine the command needed to produce the 
results desired. In order to eliminate excessive input with this 
scheme, only the number of characters required to uniquely 
identify the desired command from the other possible responses 
need to be entered. 
In addition, most of the terminal input is entered into the 
program through what is known as the input buffer. Many responses 
can be put into the input buffer in one input operation by 
separating each with at least one space. Whenever ISOPIPE needs 
data, the input buffer is checked. If a valid response is found, 
it is used directly without issuing prompts to the stress 
analyst. If an invalid response is encounterd, the user is 
informed and given a list of all possible options along with an 
input prompt. A new eighty column field of data is then read into 
the input buffer, voiding all items following the invalid 
response. Also, whenever the buffer is empty, an input prompt is 
issued and a new line of data is read into the buffer. 
There are five major types of data that ISOPIPE must receive 
from the terminal. These types are: commands, alphanumeric data, 
numeric data, multiple word alphanumeric data, and graphic input 
data. Of these, only the last two types are not entered through 
the input buffer, but are prompted for individually. 
With this system, the experienced user can enter several 
data items at once, without being interrupted by prompts for the 
-53- 
individual data sequences. The beginning user can enter one item 
at time, following the input prompts, and be reasonably 
successful at entering data correctly even without referring to 
the User's Manual. 
-54- 
CHAPTER 3 
CASE STUDY 
3.1  Preparation 
The operation of the ISOPIPE system will be demonstrated by 
setting up a PIPDYN stress analysis for a particular pipeline. 
The hand drawn pipeline of Figure 1.2-1 will serve as a good 
specimen. The manually assembled PIPDYN deck for this pipeline, 
in Appendix A, will provide a standard for the evaluation of the 
ISOPIPE results. 
Once the pipeline has been selected, the stress analyst must 
determine the name of each included pipe spool. This is the name 
under which the ISOPEDAC input language is stored in the ISOPEDAC 
data library. These names are created by the ISOPEDAC coding 
group and can be determined from their records. An ISOPEDAC 
batch header is also required to process these lines. The name 
of the batch header can be determined from the line name. 
The pipeline of Figure 1.2-1 is composed of seven ISOPEDAC 
pipe spools. The names of the first five are: BN2A4P31, BN2A5P31, 
BN2A6P31, BN2A7P31, and BN2A8P31. These are all stainless steel 
lines as indicated by the "2" in the third position and therefore 
have a batch header of BNDT31SS. The two remaining spools are 
copper and have the names BN1A5P31 and BN1B9P31. These lines 
will be processed under the batch header BNDT31CU. 
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3.2 System Use 
The ISOPIPE program can now be put into use. The first step 
is to sign-on to the TSO system on Air Products' mainframe 
computer via a Tektronix graphics terminal. The Program is then 
executed by simply entering "ISOPIPE" after the "READY" signal. 
Next, several prompts must be answered to initialize the program, 
as shown in Figure 3.2-1. Upon completion, the display of Figure 
3.2-2 is produced, describing restrictions and basic program 
rules. 
The top level of the program is entered after this 
initialization, as indicated by the prompt "ISOPIPE COMMAND:". 
The START command is then executed to process the ISOPEDAC spools 
and form the connected pipeline. To demonstrate some of ISOPIPE's 
flexibility, one of the stainless steel spools is intentionally 
neglected. This operation is shown in Figure 3.2-3 with the 
resulting connection status. ISOPIPE was able to connect five of 
the six ISOPEDAC spools together. This can be verified by using 
the PLOT subprocessor with the SELECT ALL option which displays 
the connected and all of the unconnected lines as shown in Figure 
3.2-4. The single unconnected line is most likely a result of not 
including the one pipe spool in the START operation. Returning 
to the ISOPIPE command level, the ADD subprocessor is executed to 
add the neglected line into the program. This is carried out in 
Figure 3.2-5 and results in connection of all of the spools. 
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READY 
isopipe 
WILL THIS ANALYSIS USE ISOPEDAC RELEASE 24 OR RELEASE 28 
WILL THIS ANALYSIS USE COLD BOX OR YARD PIPING ? (CB/Y) 
WILL THIS ANALYSIS USE ISOPEDAC DETAIL LANGUAGE FROM 
THE ISOPEDAC OR THE STRESS DATA LIBRARY ? (I/S) :i 
TEKTRONIX TERMINAL NUMBER: 
4014 
TERMINAL BAUD RATE: 
9600 
?   (24/28) 
;cb 
:24 
Figure 3.2-1    ISOPIPE Initialization 
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q~p H 
D C 
D 
u LZ Z 
n 
u 
THE ISOPIPE PROGRAM IS PROPRIETARY SOFTWARE DEVELOPED 
BY AIR PRODUCTS AND CHEMICALS. INC.  THIS PROGRAM MAY 
NOT BE USED ON ANY COMPUTERS OTHER THAN THE IBM 3033 
OR THE AMDAHL 470/V8.  THE USAGE OF THIS PROGRAM IS 
RESTRICTED TO INTERNAL PERSONAL OF AIR PRODUCTS AND 
CHEMICALS. INC. 
THE PROGRAM RULES ARE. 
1. INVALID RESPONSES TO COMMANDS. SUBCOMMANDS. OR 
KEYWOROS HILL RESULT IN A LIST OP VPLIO RESPONCES. 
2. HELP HILL PLSO RESULT IN A LIST OF VALIO RESPONCES 
FOR ANY COMMAND LEVEL. 
3. OCCASIONALLY. THRDUOH THE COURSE OF THIS SESSION, 
THE BELL WILL RINO.  WHEN IT DOES. THE PROGRAM IS 
PAUSING SO THAT YOU MAY VIEW THE DATA ON THE SCREEN. 
YOU SHOULD ENTER A CARRIAGE RETURN TO PROCEED. 
LETS PRACTICE THIS. 
*.   THE TERMINAL BAUD RATE MAY BE ENTERED AS THE 
NEGATIVE OF THE TRUE VALUE TO SKIP THESE DIRECTIONS. 
Figure 3.2-2 ISOPIPE Restrictions and Rules 
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ISOPIPE COMMAND: 
start 
ENTER END TO EXIT FROM ISOPEDAC INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAME: 
bndt31ss 
ISOPEDAC LINE NAME: 
bn2a4p31 
ISOPEDAC LINE NAME: 
bn2a6p31 bn2a7p31 bn2a8p31 end 
ISOPEDAC BATCH HEADER NAME: 
bndt31cu bnla5p31 bnlb9p31 end end 
ISOPEDAC LINES NOW BEING PROCESSED 
*** 1 LINE COULD NOT BE CONNECTED *** 
X 
LINE 1 (BNDT31SS BN2A6P31) 
IS CLOSEST TO 
JOINT 11 2.417 13.000 9.667 
JOINT 89 1.167 13.000 9.667 
-1.250 0.0 0.0 
Figure 3.2-3 ISOPIPE START Procedure 
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ISOPIPE COMMAND: 
plot 
PLOT SUBCOMMAND: 
select 
SELECT LINE NUMBER: 
all 
Figure 3.2-4    ISOPIPE PLOT SELECT ALL Option 
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ISOPIPE COMMAND: 
add 
ENTER END TO EXIT FROM ISOPEDAC INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAME: 
bndt31ss bn2a5p31 end end 
ISOPEDAC LINES NOW BEING PROCESSED 
ALL LINES SUCCECESSFULLY CONNECTED *** 
Figure 3.2-5 ISOPIPE ADD Procedure 
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The PLOT subprocessor is now invoked to visually inspect the 
pipeline. Figure 3.2-6 shows a plot of the pipeline in the 
nominal isometric view. The LABEL subcommand can be used to add a 
variety of enhancements to the basic plot. These include the 
joint numbers, the directional coordinate axis, and the title 
(previously assembled with the COLLECT subcommand) which are 
displayed on the plot in Figure 3.2-7. In addition, the plot can 
be viewed from any point desired by altering the view vector 
and/or the up-axis vector which are nominally (-1,-1,1) and 
(0,0,1) respectively. Figure 3.2-8 is a plan view of the pipeline 
while Figure 3.2-9 shows an arbitrary view achieved by setting 
the view vector to (1,2,3). These basic capabilities, along with 
features which permit the determination of joint coordinates, 
element lengths, and element nominal diameters, as well as plot 
windowing, allow the stress analysts to get an idea of the 
physical size and layout of the pipeline. Also, Calcomp-type 
plots can be produced for any display on the terminal screen for 
documentation purposes. 
Once the geometry has been finalized, the PIPDYN input deck 
can be prepared. This first requires the collection of some 
additional data. In particular, the piping branches, boundary 
conditions, load conditions, and special element properties must 
be defined. 
In PIPDYN, a branch is defined as any section of piping 
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ISOPIPE COMMAND 
plot 
PLOT SUBCOMMAND 
isometric 
PLOT SUBCOMMAND 
draw 
Figure 3.2-6 Isometric Plot of Connected Pipeline 
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PLOT SUBCOMMAND: 
label 
LABEL KEYWORD: 
axis joint title 
PLOT SUBCOMMAND: 
draw 
.AIR PPODUCTS AND CHEHICALS 
AUEirrouN. PENNSVLUAMA 
CASE STUDY 
JOB NO.    80-3-163-1 
DOC no.    B1234-1 
DUN  »V      RIS DATE   12-16-82 
Figure 3.2-7    Isometric Plot With Labels 
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PLOT SUBCOMMAND: 
view 
VIEW VECTOR X Y Z: 
0 0 1 
PLOT SUBCOMMAND: 
up-axis 
UP-AXIS VECTOR X Y Z: 
10 0 
PLOT SUBCOMMAND: 
label axis 
PLOT SUBCOMMAND: 
draw 
£- 
Figure 3.2-8 Plan View Plot 
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PLOT SUBCOMMAND 
view 12 3 
PLOT SUBCOMMAND 
up-axis 0 0 1 
PLOT SUBCOMMAND 
label axis nodes 
PLOT SUBCOMMAND 
draw 
Figure 3.2-9 Arbitrary View Plot 
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which is made up of a single material, has a constant internal 
pressure, and has uniform thermal conditions. According to this 
definition our pipeline must be broken into at least two 
branches, one for the stainless steel and one for the copper 
piping. These two branches will be suitable for the case study 
and are defined using the BRANCH subcommand of the PIPDYN 
subprocessor as shown in Figure 3.2-10. The branch elements are 
selected using the graphic input feature where the cross hairs 
are postioned over the desired element displayed on the terminal 
screen. In an actual stress analysis more branches may -be 
required depending on the operating conditions. 
Boundary conditions need to be incorporated to model the 
constraints of the pipeline. Restaints occur at vessel nozzles 
and cold box penetrations as well as at other points as required 
to support the system's weight and restrain movement. Three 
types of boundary conditions are available in PIPDYN and each 
must be applied at an existing joint. An "anchor" completely 
constrains a joint, fixing its three translational and three 
rotational degrees of freedom. A "special" is used to restrain 
any combinaton of the six degrees of freedom. A "skew" is the 
same as a "special" but works in its own local coordinate system, 
different from the global coordinate directions. In the case 
study, joints 70 and 132 (referring to Figure 3.2-7) are vessel 
connections and are anchored, along with joints 1,42,61,80,100, 
-67- 
PIPDVN SUICONHANDI 
FIRST AND LAST MANCH ELENENTSI 
nc*£ ELEICHTS IN WANCH    I CVES/NOH 
VlRST AND LAST IRANCH ELEICNTS! 
M«E ELEICHTS IN IRANCH  I IVES/HOII 
INTERNAL PIPE PRESSURE <PSI)> 
1M 
TMERNAL US NUNKRI 
1 
ANOTHER IRANCH 1 YES/NO)!' 
FIRST AND LAST IRANCH ELEnENTSl 
KME ELEICNTS IN (RANCH  2 IVES/NOII 
"FIRST AND LAST IRANCH ELEICNTS! 
ELEICNTS NOT CONTINUOUS UITH PREUIOUS 
UOULD VOU STILL LIKE THIS SECTION AIDE! 
"NORE ELEICNTS IN IRANCH 
INTERNAL PIPE PRESSURE (PSI)t 
W i 
ANOTHER MAMCH IVES/NOII 
•«> ALL EUNENTS 
IRANCH «'  
III! 
IRANCH NATERIAi 
t     SS 
a   CT 
IRANCH KEYWORD ■111 
Figure 3.2-10 PIPDYN Branch Definition 
(see next page for command text) 
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PIPDYN SUBCOMMAND: 
branch start 
FIRST AND LAST BRANCH ELEMENTS: 
MORE ELEMENTS IN BRANCH 1 (YES/NO): 
yes 
FIRST AND LAST BRANCH ELEMENTS: 
MORE ELEMENTS IN BRANCH 1 (YES/NO): 
y 
FIRST AND LAST BRANCH ELEMENTS: 
MORE ELEMENTS IN BRANCH 1 (YES/NO): 
n 
INTERNAL PIPE PRESSURE (PSI): 
150 
THERMAL LEG NUMBER: 
1 
ANOTHER BRANCH (YES/NO): 
yes 
FIRST AND LAST BRANCH ELEMENTS:' 
MORE ELEMENTS IN BRANCH 2 (YES/NO): 
y 
FIRST AND LAST BRANCH ELEMENTS: 
ELEMENTS NOT CONTINUOUS WITH PREVIOUS BRANCH SECTION 
WOULD YOU STILL LIKE THIS SECTION ADDED TO THE BRANCH (YES/NO) 
y 
MORE ELEMENTS IN BRANCH 2 (YES/NO): 
n 
INTERNAL PIPE PRESSURE (PSI): 
50 2 
ANOTHER BRANCH (YES/NO): 
n 
*** ALL ELEMENTS HAVE BEEN ASSIGNED TO BRANCHES 
BRANCH KEYWORD: 
list 
THERMAL 
BRANCH MATERIAL PRESSURE LEG NO. 
1 SS    150.000   1 
2 CT     50.000   2 
BRANCH KEYWORD: 
exit 
Figure 3.2-10 PIPDYN Branch Definition (cont.) 
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and 123 which are cold box penetration points. In addition, 
several special constraints are included to support the pipeline 
without restricting axial pipe movement. This operation is shown 
in Figure 3.2-11,'again using graphic input to identify the 
boundary joints. 
Pipe cross section data for standard pipes and fittings are 
automatically retrieved from the ISOPIPE pipe section file and 
flange file and inserted into the PIPDYN input deck. There are 
special, non-standard pipe components, however, whose sectional 
properties must be defined manually. These special elements 
include all valves and the items which are drawn as boxes on the 
pipeline plots. Using the SPECIAL subcommand, the sectional 
properties of these components are defined for both variable and 
constant cross section elements. This operation is carried out as 
shown in Figure 3.2-12 again supported by one of the graphic 
input methods. 
Defining the load conditions is the last step in preparing 
this stress analysis. Three of the five types of PIPDYN loads are 
applied using the LOAD subcommand in Figure 3.2-13. The first 
load case is simply a deadweight or gravity load. A thermal 
analysis is undertaken in the second load case. Temperatures vary 
widely between cryogenic operating conditions and defrost 
conditions, producing stresses in the anchored pipeline. Also, 
the vessel contracts as operating conditions are approached, 
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PIPDVtl SUICOflfMrlDl ■o«nd«ru 
•OUHOARV KEVUORPI 
• Urt im& mi™, 
anchor (MOTHER 10UNDARV  JOINT   (VES/NOIl 
•OUNDARV JOINT I 
lOUNIMRV CONDITION! 
anchor 
ANOTHER lOUNDAUV JOINT (VES/NOIl 
y*i anchor 
10UHCWRV JOINTI 
ANOTHER tOUNDARY JOINT (VES/NOIl 
"lOONWWV JOINTI 
ANOTHER WUNDABV JOINT (VES/NOIl 
SOUXDARU JOINTI 
I0UNWWV JOINTI 
tMKOARv JOINTI 
WUNDARY JOINTI 
•MOTHER iOUHDAOy JOINT (VES/NOIl 
j apacial 
10UNO««V JOINTI 
DlSPLftCEnEtrr CONDITION X V Z I 
t * I 
ROTATION CONDITION X V Z 
I • i 
ANOTHER iOUNDABV 
u «p • 1 1> I I 
•OUHDAftv JOUll 
ANOTHER I 
SoUMDARV 
ANOTHER IOUNDAR 
n 
lOUNTMRV KEYWORDI 
U.l 
132  ANCHOR 
7»  ANCHOR 
123  ANCHOR 
Cl  ANCHOR 
42  ANCHOR 
1H ANCHOR 
M  ANCHOR 
t  ANCHOR 
13  SPECIAL 
C2 SPECIAL 
ItS  SPECIAL  . 
•OUNDARV KEVUORDI 
•lit 
Figure 3.2-11 Boundary Condition Definition 
(see next page for command text) 
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PIPDYN SUBCOMMAND: 
boundary 
BOUNDARY KEYWORD: 
start 
BOUNDARY JOINT: 
BOUNDARY CONDITION: 
anchor 
ANOTHER BOUNDARY JOINT (YES/NO): 
yes 
BOUNDARY JOINT: 
BOUNDARY CONDITION: 
anchor 
ANOTHER BOUNDARY JOINT (YES/NO): 
yes anchor 
BOUNDARY JOINT: 
ANOTHER BOUNDARY JOINT (YES/NO): 
y an 
BOUNDARY JOINT: 
ANOTHER BOUNDARY JOINT (YES/NO): 
yayayaya 
BOUNDARY JOINT: 
BOUNDARY JOINT: 
BOUNDARY JOINT: 
BOUNDARY JOINT: 
ANOTHER BOUNDARY JOINT (YES/NO): 
y special 
BOUNDARY JOINT: 
DISPLACEMENT CONDITION X Y Z : 
10 1 
ROTATION CONDITION X Y Z : 
10 1 
ANOTHER BOUNDARY JOINT (YES/NO): 
ysp 011011 
BOUNDARY JOINT: 
ANOTHER BOUNDARY JOINT (YES/NO): 
ysp 011011 
BOUNDARY JOINT: 
ANOTHER BOUNDARY JOINT (YES/NO) 
Figure 3.2-11 Boundary Condition Definition (cont.) 
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BOUNDARY KEYWORD: 
list 
132 ANCHOR 
70 ANCHOR 
123 ANCHOR 
61 ANCHOR 
42 ANCHOR 
100 ANCHOR 
80 ANCHOR 
1 ANCHOR 
13 SPECIAL 1 0 1 1 0 1 
62 SPECIAL 0 1 1 0 1 1 
105 SPECIAL 0 1 1 0 1 1 
BOUNDARY KEYWORD: 
exit 
Figure 3.2-11 Boundary Condition Definition (cont.) 
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P1PDVN SUBCOfKAHDI 
"SPECIAL PIPE  SECTION KEVUORDI 
ttarl 
S|^SJ|4U'*N0DrS  X   1/2 RNPT JACKET ADAPTER  ST  STL APC 
CONSTANT OR VARIABLE CROSS SECTIONI 
con*t*ftt 
OUTSIDE   DIAHETER   (INII 
i.e 
UAH   THICKNESS   < in It 
•.2275 
UEISMT PER  LENCTM  (LB/FTII 
2.134 
ANOTHER SPECIAL ELEHENT IVES'NOJI 
^lECT ELEHENTi 
ASC— D23 ODFS X   1 >2   IPS JACKET ADAPTER ST 
CONSTANT OR VARIABLE CROSS SECTION: 
VriPST  END OUTSIDE  DIAMETER   IINI1 
.14 
FIRST  END UALL  THICKNESS   IINII 
.•S3 
SECOND END OUTSIDE  DIAHCTER  (IN II 
.625 
SECOND END UALL THICKNESS  (IN)l 
,»< 
UEISHT PER LENGTH (LB'FTH 
.156 
ANOT-ER SPECIAL KLE1EHT  (YOTtOlt 
'SELECT ELCflEHTt 
TB-I --.THERnA'.   IREAK ASSVAPCl   DUG 
CONSTANT OR W*!A81E  CROSS-SECTIONI 
: 2  .2475 4.T7 
ANOTHER SPEC lA'-UUHENfl YES/HO M 
"SELECT ELEHCHTl 
ASC---23    ODFS > 1.1/2 IPS JACKET ADAPTER IS 
CONSTANT OR VARIABLE CROSS SECTIONI 
x 1.9 .1*9 I.625 ,»6 .646 
ANOTHER SPECIAL ELEHENT (VES/NOll 
"SELECT ELEMENT! 
VALVE       SS NOMINAL PIPE DIAHCTER 
CONSTANT OR VARIABLE CROSS SECTIONI 
c 8.25 .9215 73.47S u 
SELECT ELE"ENTl 
VALUE       SS NOnlNAL PI»E DIAHETER 
CONSTANT OR VARIABLE CROSS SECTIONI 
e i .833 86.138 u 
SELECT ELEHENTl" 
VALUE       SS NOnlNAL PIPE DIAHETI 
CONSTANT OR VARIABLE CROSS SECTION, 
e 8.25 .9215 73.475 no 
MI ALL SPECIALS HAVE BEEN DEFINED 
SPECIAL PIPE SECTION KEYWORDI 
•III 
Figure 3.2-12 Special Element Definition 
(see next page for command text) 
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PIPDYN SUBCOMMAND: 
special 
SPECIAL PIPE SECTION KEYWORD: 
start 
SELECT ELEMENT: 
ASC--D14 ODFS X 1/2 NMPT JACKET ADAPTER ST STL APCI STD 579.13.1-3 
CONSTANT OR VARIABLE CROSS SECTION: 
constant 
OUTSIDE DIAMETER (IN): 
1.0 
WALL THICKNESS (IN): 
0.2275 
WEIGHT PER LENGTH (LB/FT): 
2.134 
ANOTHER SPECIAL ELEMENT (YES/NO): 
yes 
SELECT ELEMENT: 
ASC--D23 ODFS X 1/2 IPS JACKET ADAPTER ST STL APCI STD 579.13.2-2 
CONSTANT OR VARIABLE CROSS SECTION: 
var 
FIRST END OUTSIDE DIAMETER (IN): 
.84 
FIRST END WALL THICKNESS (IN): 
.083 
SECOND END OUTSIDE DIAMETER (IN): 
.625 
SECOND END WALL THICKNESS (IN): 
.04 
WEIGHT PER LENGTH (LB/FT): 
.156 
ANOTHER SPECIAL ELEMENT (YES/NO): 
y 
SELECT ELEMENT: 
TB-1       THERMAL BREAK ASSY APCI DWG 
CONSTANT OR VARIABLE CROSS SECTION: 
c 2 .2475 4.77 
Figure 3.2-12 Special Element Definition (cont.) 
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ANOTHER SPECIAL ELEMENT (YES/NO): 
y 
SELECT ELEMENT: 
ASC--H23 ODFS X 1.1/2 IPS JACKET ADAPTER ST STL APCI STD 579.13.2- 
CONSTANT OR VARIABLE CROSS SECTION: 
v 1.9 .109 1.625 .06 .646 
ANOTHER SPECIAL ELEMENT (YES/NO): 
y 
SELECT ELEMENT: 
VALVE       SS NOMINAL PIPE DIAMETER 6.000 INCHES 
CONSTANT OR VARIABLE CROSS SECTION: 
c 8.25 .9215 73.475 y 
SELECT ELEMENT: 
VALVE       SS NOMINAL PIPE DIAMETER 4.000 INCHES 
CONSTANT OR VARIABLE CROSS SECTION: 
c 6 .833 86.138 y 
SELECT ELEMENT: 
VALVE       SS NOMINAL PIPE DIAMETER 6.000 INCHES 
CONSTANT OR VARIABLE CROSS SECTION: 
c 8.25 .9215 73.475 no 
*** ALL SPECIALS HAVE BEEN DEFINED 
SPECIAL PIPE SECTION KEYWORD: 
exit 
Figure 3.2-12 Special Element Definition (cont.) 
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PIPDVN SUICOMMHDI 
load 
LOAD KEVUORDI 
•tart 
TITLE  FOR   LOAD     1   ONLY   (32 CHARACTERS  flAXII 
deadweight analuaia 
LOAD TYPE l 
deadweight 
bRMIlTATIONAL  VECTOR  X  V ZI 
• •  -I 
GRAVITATIONAL  LOAD FACTOR! 
I 
LOAD TVPEl 
and 
ANOTHER LOAD CASE (VES'HOU 
WTITLE FOR LOAD  2 0W.V (3a CHARACTERS 
thermal atreaa anataaia 
LOAD TVPEl 
tkeraal 
TJCRTML  LEG NUTIIERl 
1 
MJUC TENPERATURt   (F)l 
-3M 
ZERO STRESS REFERENCE TENPERATURE   (Fit 
IS* 
LOAD TVPEl 
ther 2 -2S* 15* 
LOAD TVPEl 
DISPLACED  JOINT  NLflBEBI 
JOINT TRi 
• •-.IX 
JOINT ROTATIOXX V Z (RAD) 
• • • 
LOAD TVPEl 
e»v 132 « «  ,178 0 
LOAD TVPEl 
•ad 
ANOTHER LOAD CASE I YES/NO II 
a 
LOAD (EVUORDI 
ail I 
Figure 3.2-13 Load Condition Definition 
(see next page for command text) 
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PIPDYN SUBCOMMAND: 
load 
LOAD KEYWORD: 
start 
TITLE FOR LOAD 1 ONLY (32 CHARACTERS MAX): 
deadweight analysis 
LOAD TYPE: 
deadweight 
GRAVITATIONAL VECTOR X Y Z: 
0 0-1 
GRAVITATIONAL LOAD FACTOR: 
1 
LOAD TYPE: 
end 
ANOTHER LOAD CASE (YES/NO): 
y 
TITLE FOR LOAD 2 ONLY (32 CHARACTERS MAX): 
thermal stress analysis 
LOAD TYPE: 
thermal 
THERMAL LEG NUMBER: 
1 
BULK TEMPERATURE (F): 
-300 
ZERO STRESS REFERENCE TEMPERATURE (F): 
150 
LOAD TYPE: 
ther 2 -250 150 
LOAD TYPE: 
movement 
DISPLACED JOINT NUMBER: 
70 
JOINT TRANSLATION X Y Z (IN): 
0 0 -.135 
JOINT ROTATION X Y Z (RAD): 
0 0 0 
LOAD TYPE: 
mov 132 0 0 .178 0 0 0 
LOAD TYPE: 
end 
ANOTHER LOAD CASE (YES/NO): 
n 
LOAD KEYWORD: 
exit 
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producing deflections primarily in the vessels axial direction. 
To account for this phenomenon, movements are specified at the 
two nozzle connection joints, in this case using keyboard input 
instead of the graphic input method. 
The PIPDYN input deck can now be created with the WRITE 
subcommand. This routine does error checking on the assembled 
data, but, as seen in Figure 3.2-14, no errors were encountered. 
The figure also shows the dynamic file allocation feature used to 
open the file to which the PIPDYN input deck is written. This 
PIPDYN run is set up to create two MENTAT plot files. One is a 
geometry file and the other contains deformed geometry for each 
load case. After the job has run, these files can be accessed and 
plotted using the MENTAT program. The geometry plot will be 
especially helpful in verifying the performance of ISOPIPE. 
Finally, the PIPDYN job is submitted for processing and ISOPIPE 
has completed its task. 
3.3 Evaluation 
To evaluate the performance of ISOPIPE, we need to determine 
if the pipeline geometry and other assembled data has been 
accurately transformed into PIPDYN input format. The most 
effective method of checking the geometry is to compare the 
MENTAT geometry plot, generated from the PIPDYN input, with an 
ISOPIPE plot. The MENTAT geometry plot appears in Figure 3.3-1 
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PIPDVN SUKOnrtAMDl 
P1PDVN    URITE FILE NABE  IB CHARACTERS NAXX 
PIPDVN    URITE FILE USER PREFIX (AXXXX1I 
• ISI4 
IS  THIS  A NEU OR  AN OlD FILEl 
CODE FOR STRESS ANALYSIS I 
Ml.3 
PIPPVN  TITLE  ONLY  (72  CHARACTERS HAX)l 
IMRIH  caaa   alarfu 
PIPDVN  SUBTITLE  ONLV   (78  CHARACTERS  NAX): 
tfcaraal   atraaa aaalyaia 
TYPE  OF   PJPOVN-II   JOINT  COORDINATES! 
ralatwa 
TYPE  OF  BENTAT POST  PLOTSI 
tfafarMrf 
nCNTAT  CEOTCTRV FILE  NANE   (8  CHARACTERS 
NENTAT DEFORCED GEOMETRY FILE NAfC  (8 C! 
NENTAT PLOT FILE USER  PREFIX   (AXXXX)I 
alSH 
til  PIPBYN  DECK  SUCCESSFULLY  URITTEN  TO 
UOULD VOU LIKE TO SUIPIIT THE PIPI 
"PIPBVN SUICONTIAHDI 
•lit 
Figure 3.2-14 Creation of PIPDYN Input Deck 
(see next page for command text) 
•80- 
PIPDYN SUBCOMMAND: 
write 
PIPDYN WRITE FILE NAME (8 CHARACTERS MAX): 
casestud 
PIPDYN WRITE FILE USER PREFIX (AXXXX): 
al514 
IS THIS A NEW OR'AN OLD FILE: 
n 
CODE FOR STRESS ANALYSIS: 
b31.3 
PIPDYN TITLE ONLY (72 CHARACTERS MAX): 
isopipe case study 
PIPDYN SUBTITLE ONLY (72 CHARACTERS MAX): 
thermal stress analysis 
TYPE OF PIPDYN-II JOINT COORDINATES: 
rel 
TYPE OF MENTAT POST PLOTS: 
deformed 
MENTAT GEOMETRY FILE NAME (8 CHARACTERS MAX): 
csgeom 
MENTAT DEFORMED GEOMETRY FILE NAME (8 CHARACTERS MAX) : 
csdeform 
MENTAT PLOT FILE USER PREFIX (AXXXX): 
al514 
*** PIPDYN DECK SUCCESSFULLY WRITTEN TO A1514.CASESTUD.DATA 
WOULD YOU LIKE TO SUBMIT THE PIPDYN JOB (YES/NO): 
yes 
PIPDYN SUBCOMMAND: 
exit 
Figure 3.2-14 Creation of PIPDYN Input Deck (cont.) 
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ISOPiPE CASE STUDY 
ORTHOBt/WIC VIEW WIN!-1.0    -1.0    1.0       IttELS   HOC 
Figure 3.3-1 MENTAT Geometry Plot 
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and is identical to the ISOPIPE plot of Figure 3.2-6 except for 
the pipe fitting symbols which are not drawn by MENTAT. In 
addition, a copy of the PIPDYN deck created by ISOPIPE is in 
Appendix C. A comparision of this with the manually assembled 
PIPDYN deck in Appendix A reveals that the two contain the same 
information. 
Another example of the program use can be found in the 
ISOPIPE User's Manual in Appendix B. 
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CHAPTER 4 
CONCLUSION 
4.1 Summary and Conclusions 
The application of CAD technology promises great 
enhancements in the productivity of today's engineers. These 
gains, howeverj are usually only achieved after a significant 
capital investment in computer hardware and software. This 
project was undertaken with the goal of increasing the 
productivity of Air Products' piping design procedure at a 
minimal cost. This required the development of computer 
software, used with existing company hardware, to improve the 
interface between the piping design engineers and their analysis 
programs. 
A thorough investigation of Air Products' procedures 
revealed a duplication of effort in the preparation of input for 
ISOPEDAC, a pipe detailing program, and PIPDYN, a pipe stress 
analysis program. The majority of the input for both of these 
programs is the description of the pipeline geometry. In 
particular, the stress analysts spend an estimated 58 percent of 
their time preparing input for the 'PIPDYN program. The best 
solution to this problem, considering the goals of the project, 
was to develop an ISOPEDAC-to-PIPDYN interface program which 
would automatically generate PIPDYN piping geometry from ISOPEDAC 
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input. The interface, named ISOPIPE, has been designed to run on 
Air Products' interactive system. The interactive operating 
environment, coupled with ISOPIPE*s user friendly hierarchical 
menu structure and pipeline plotting capabilities, provides a 
great deal of flexibility to the stress analysts. In addition, 
permanent program files and data collection routines permit 
efficient generation of an entire PIPDYN input deck for a static 
stress analysis. 
ISOPIPE was completed on schedule and has been used at Air 
Products for production pipe stress analysis since September, 
1982. The analysts are very happy with the program which has 
worked smoothly with only a few minor bugs. In fact, they now 
write their own input language for pipelines which are not 
processed through ISOPEDAC so that they can use ISOPIPE instead 
of manually creating PIPDYN input decks. The stress analysts have 
been able to maintain accurate and up-to-date specifications 
through the use of the ISOPIPE file management feature. The only 
problem of any significance has been in project scheduling. 
Shifting the ISOPEDAC coding ahead of the stress analysis caused 
some initial problems, but they have been resolved. 
4.2 Recommendations for Further Study 
The most severe limitation of the ISOPIPE program is that it 
is designed to operate between only two programs, although it 
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could be modified to drive a different stress analysis program. A 
more desirable approach would be the creation of a centralized 
piping data base or even an entire process plant data base from 
which many analysis programs could be driven. This is the 
concept behind today's CAD systems which feature interactive 
graphics, interactive inputting, and component libraries. Many of 
these systems produce neutral files which can be easily 
interfaced to any applicable analysis program. 
Improvements in piping and plant design software packages 
have been made by CAD companies since this project was 
undertaken, and it now appears that several good systems exist at 
fairly competitive prices. For this reason, the development of 
programs which are relatively narrow in scope, such as ISOPIPE, 
will probably not be cost effective in the future. Companies 
interested in increasing the productivity of their plant design 
engineering should spend considerable time comparing and 
evaluating commercially available software before attempting 
in-house development. If a system which meets the company's 
needs is purchased, it should be customized by the users so that 
maximum benefits can be obtained. 
It should be understood, however, that these commercially 
available plant design packages are not complete and are still 
undergoing development. An important area currently receiving a 
great deal of attention  is  the  automatic  checking  of 
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interferences between plant components. While most of the 
currently available software does some sort of interference 
checking, it is generally an extremely inefficient and time 
consuming process. But this problem and others will be solved 
relatively quickly as CAD companies continue dedicating vast 
resources to the development of plant design software. 
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APPENDIX A 
MANUALLY ASSEMBLED PIPDYN INPUT DECK 
START B31.3 NO PRODUCTION NO TAPE 
SAMPLE PIPDYN-II INPUT DECK 
GEOMETRY 
PIPELINE OF FIGURE 1.2-1 
COORDINATES FEET 
1 
2 - 2. 0 0 1 
3 C 6 .3333 0 2 
4 - 4. 5 0 0 3 
5 C C 1.3333 4 
6 . 4479 0 0 5 
7 . 9583 0 0 6 
8 . 3438 0 0 7 
9 C ) . 2396 0 8 
10 0 .3299 0 9 
11 0 .3854 0 10 
12 -1 .75 0 0 11 
13 0 0 4.3333 12 
14 0 2.1146 0 13 
15 3. 6667 0 0 14 
16 0 0 -3.3333 15 
17 0 .2917 0 16 
18 0 .3229 0 17 
19 2. 75 0 0 8 
20 0 -9.3333 0 19 
21 0 0 -3.1667 20 
22 0 .5 0 21 
23 0 .4583 0 22 
24 0 .4688 0 23 
25 0 0 1.2188 24 
26 2 0 0 25 
27 0 4.4062 0 24 
28 0 0 -.9166 27 
29 0 .2135 0 28 
30 0 .3958 0 29 
31 0 1.8907 0 30 
32 - 6667 0 0 31 
33 0 0 2.25 32 
34 0 .5 0 33 
35 1 6615 0 0 34 
36 1 0 0 35 
37 0 2.75 0 27 
38 0 .5322 .2197 37 
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39 0 .75 .75 37 
40 -3.1667 0 0 39 
41 - 1.3333 0 0 40 
42 -.5 0 0 41 
43 0 -.4479 0 42 
44 0 0 4.9167 43 
45 0 1.833 0 44 
46 -4.1667 0 0 45 
47 0 0 .5 46 
48 0 0 1. 46 
49 0 -1.1146 0 48 
50 -1. 0 0 42 
51 0 0 -.3438 50 
52 -1.1667 0 0 50 
53 0 -1.8333 0 52 
54 0 0 .75 53 
55 0 0 1.3333 5 
56 .75 0 0 55 
57 1.3333 0 0 56 
58 .5 0 0 57 
59 0 0 1.2812 58 
60 0 -.8854 .8854 59 
61 -6. 0 0 60 
62 0 1.1146 0 61 
63 1.25 0 0 58 
64 0 0 7.5521 63 
65 -6.5 -1.8333 0 64 
66 0 0 -.75 65 
67 0 2.2031 0 24 
68 -.5 0 0 42 
69 0 9.167 0 20 
70 -.75 0 0 39 
71 -.75 0 0 63 
> 
BOUNDARY 
54 ANCHOR 
66 ANCHOR 
49 ANCHOR 
62 ANCHOR 
18 ANCHOR 
36 ANCHOR 
1 ANCHOR 
26 ANCHOR 
69 SPECIAL 10  110  1 
70 SPECIAL 0 110 11 
71 SPECIAL 0 110 11 
> 
-90- 
200.   9800000. .3 .00001295 
100.  10000000. 0 .00001239 
70.   10100000. 0 .00001225 
-100. 10600000. 0 .00001125 
-200. 10900000. 0 .00001061 
-325. 11300000. 0 .00000990 
MATERIAL SS 
400.  26600000. .3 .00000959 
300.  27100000. 0 .00000947 
200.  27700000. 0 .00000934 
70.   28300000. 0 .00000911 
-100 29400000. 0 .00000875 
-200  29900000. 0 .00000847 
-325  30400000. 0 .00000815 
MATERIAL CS 
300.  27400000. .3 .00000660 
200.  27700000. 0 .00000638 
70.   27900000. 0 .00000607 
-100  29000000. 0 .00000565 
MATERIAL CT 
200.  15600000. .3 .00001003 
100.  15800000. 0 .00000966 
70.   16000000. 0 .00000957 
-100. 16500000. 0 .00000895 
-200. 16700000. 0 .00000865 
-325. 17000000. 
> 
SIF 
0 .00000840 
> 
REINFORCEMENT 
5 WDT 
8 SKT 
24 WELDED 
27 SKT 
42 WDT 
50 SKT 
58 WDT 
> 
BRANCH 1 SS 150 . 1 
RUN 1 0 6.625 . 109 7.729 
ELBOW 2 .75 
RUN 0 0 
ELBOW 3 .75 
RUN 0 0 
ELBOW 4 .75 
TEER 5 0 5 
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TEEB 5 5 6 4.5 .083 3.989 
RUN 6 7 6. .833 86.138 
TEER 8 7 8 4.5 .083 3.989 
TEEB 8 8 9 .84 .083 .683 
REDUCER 9 10 .84 .083 .625 .04 .156 
RUN 8 0 4.5 .083 3.989 
ELBOW 19 .5 
RUN 0 0 
ELBOW 20 .5 
RUN 0 69 
RUN 69 0 
ELBOW 21 .5 
RUN 0 22 
REDUCER 22 23 4.5 
TEER 24 23 24 6.625 
TEEB 24 24 25 
TEER 24 24 67 
TEER 27 67 27 
TEEB 27 27 0 1.9 .109 2.125 
ELBOW 28 .2135 0 0 0 0 0 0 SPECIAL 0 29 
REDUCER 29 30 1.9 .109 1.625 .06 .646 
.109 7.729 
0 0 0 SPECIAL 
0 
.083 6.625 .109 2.685 
109 7.729 
0 38 
0 0 SPECIAL 38 70 
,109 7.729 
TEER 27 27 0 6.625 
ELBOW 37 .75 0 0 0 
ELBOW 39 .75 0 0 0 
RUN 70 40 
RUN 40 41 8.25 .9215 73.475 
TEER 42 41 42 6.625 
TEEB 42 42 0 4.5 .083 3.989 
ELBOW 43 .5 
RUN 0 0 
ELBOW 44 .5 
RUN 0 0 
ELBOW 45 .5 
RUN 0 0 
ELBOW 46 .5 0 0 0 0 
ELBOW 48 .5 0 0 0 0 
RUN 0 49 
TEER 42 42 68 6.625 
TEER 50 68 50 
TEEB 50 50 51 1.9 
TEER 50 50 0 6.625 
ELBOW 52 .75 
RUN 0 0 
ELBOW 53 
TEER 5 5 0 
ELBOW 55 .75 0 0 0 0 0 0 SPECIAL 
RUN 56 57 8.25 .9215 73.475 
SPECIAL 0 47 
SPECIAL 47 0 
.109 7.729 
109 2.125 
.109 7.729 
,75 0 0 0 0 0 0 SPECIAL 0 54 
0 56 
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TEER 58 57 58 6.625 .109 7.729 
TEEB 58 58 0 4.5 .083 3.989 
ELBOW 59 .5 
RUN 0 0 
ELBOW 60 .5 
RUN 0 0 
ELBOW 61 .5 
RUN 0 62 
TEER 58 58 71 6.625 
ELBOW 63 .75 0 0 0 0 
109 7.729 
0 0 SPECIAL 71 
RUN 0 0 
ELBOW 64 .75 
RUN 0 0 
ELBOW 65 .75 0 0 0 0 0 0 SPECIAL 
BRANCH 2 1 ST 50. 2 
RUN 30 o ; 1.625 .06 1.14 
ELBOW 31 .1 
RUN 0 0 
ELBOW 32 .1 
RUN 0 0 
ELBOW 33 .1 
RUN 0 0 
ELBOW 34 .1 
RUN 0 35 
RUN 35 36 2. .2475 4.770 
RUN 10 0 .625 .04 .285 
ELBOW 11 .0469 
RUN 0 0 
ELBOW 12 .0469 
RUN 0 0 
ELBOW 13 .0469 
RUN 0 0 
ELBOW 14 .0469 
RUN 0 0 
ELBOW 15 .0469 
RUN 0 0 
ELBOW 16 .0469 
RUN 0 17 
RUN 17 18 
> 
LOAD 1 
1. .2275 2.134 
DEADWEIGHT ANALYSIS 
DEADWEIGHT -Z 1. 
LOAD 2 
THERMAL STRESS ANALYSIS 
THERMAL 1 -300. 0 0 0 150. 
0 66 
■93- 
THERMAL 2 -250. 0 0 0 150. 
MOVEMENT 54 0 0 .135 
MOVEMENT 66 0 0 -.178 
> 
WRITE GEOM A1514 
POST DEFORM A1514 
> 
END OF JOB 
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P5B006 
PAGE  1 
PROGRAM USER'S MANUAL 
PROGRAM TITLE: ISOPIPE (ISOPEDAC-TO-PIPDYN INTERFACE) 
PROGRAM NUMBER: P5B006 
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AUTHOR: R. I. SNYDER 
PROGRAM LANGUAGE: FORTRAN IV H-EXTENDED 
MACHINE WRITTEN FOR:        IBM COMPATIBLE USING OS/MVS-TSO 
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I.    INTRODUCTION 
A. Program Objectives 
The intent of the ISOPIPE program is two-fold. First, to 
provide a geometric link between the pipe detailing program, 
ISOPEDAC and the pipe stress analysis program, PIPDYN, thereby 
eliminating the manual input of piping geometry to PIPDYN. 
In addition, the program provides an interactive environment 
for specifing data required by the pipe stress program such as 
piping branches, boundary joints, and load conditions. 
Interactive plotting routines allow for quick, verification 
of pipeline geometry along with providing the stress analyst 
with a model of the piping system. 
Secondly, the interactive plotting capability will allow 
ISOPEDAC users to verify pipe details prior to receiving a 
Calcomp plot. 
B. Program Organization 
The program is organized as a set of parallel subprocessors 
which are shown in Figure 1. A sequence of several 
subprocessors will be required to assemble and analyze a 
complete pipeline. Each subprocessor is independent of the 
others, except that each accesses the same data within the 
program. Execution of a particular subprocessor is 
accomplished by entering its name while in the ISOPIPE command 
level. This scheme holds true for all lower level 
subcommands and keywords as well. A list of valid commands, 
subcommands, or keywords can be obtained by entering "HELP" at 
the appropriate level. 
It is important to understand that two geometric data bases 
are maintained within the ISOPIPE program, one for the main 
connected pipeline and one for the unconnected pipe spools. 
All pipe geometry is initially stored in the unconnected 
data base. When the first pipe spool connection is attempted, 
the program selects the the largest diameter line closest 
the bottom of the cold box as the first line in the connected 
data base. Formation of the complete connected pipeline is 
accomplished as connection points are found and spools from 
the unconnected data base are merged in. To access the 
unconnected lines with the PLOT and MODIFY commands it is 
necessary to use the SELECT subcommand when first entering 
these subprocessors. 
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START  | 
 I 
ADD   | 
 I 
| DELETE | 
      I I 
I        I | MODIFY | 
■| CONNECT | 
I I 
PLOT  | 
 I 
■| WRITE  | 
I I 
■|  FILES | 
I I 
DEBUG  | 
•| PIPDYN | 
I I 
•|  READ  | 
I I 
■| TERMINAL 
I  
|  STOP  | 
I I 
Figure 1. ISOPIPE Subprocessor Organization 
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C. Program Session 
A typical ISOPIPE session would begin with the execution of 
the START command. Here the ISOPEDAC line names are entered 
and processed to form the connected pipeline and perhaps 
some unconnected lines. A summary of the connection status 
will be listed to indicate the end of the START and CONNECT 
procedure. Next, the user will probably want to enter the 
PLOT module to view and visually inspect the pipeline 
geometry. Depending upon the results of this inspection 
the user has several options. First, if there is an 
ISOPEDAC spool missing the user will need to enter the ADD 
subprocessor and add this line to the ISOPIPE data base, 
just as performed with the START command. Second, if there 
is an extra, unrelated spool in the data base, the DELETE 
command should be used to remove it. Third, the MODIFY 
subprocessor can be used to alter the ISOPEDAC supplied 
geometry. To join lines to the connected pipeline after 
modification, it is necessary to execute the CONNECT module 
which is not automatically entered as it is in the other 
subprocessors. Again, the PLOT module should be entered to 
visually inspect the pipeline geometry. When the user is 
satisfied with this geometry he can enter the PIPDYN 
subprocessor to create a PIPDYN-II static stress analysis 
input deck. The function of ISOPIPE is now complete and 
can be terminated with the STOP command. 
Interruption of an ISOPIPE session can be handled easily 
with the WRITE and READ options. Before terminating an 
incomplete session, the WRITE command should be executed. 
This writes an ISOPIPE data file which contains all of the 
program data created to that point in the session. To 
continue this session the user should begin by executing 
the READ command which will read the ISOPIPE data file into 
the program. 
For additional information refer to the example session in 
Appendix A. Each command is also explained in more detail 
in the following sections of this manual. 
D. Program Scope 
The ISOPIPE program is capable of creating a PIPDYN static 
stress analysis input" deck for any pipeline described by 
ISOPEDAC input language. This includes code for either 
ISOPEDAC release 24 or 28 and yard as well as cold box 
piping. In addition, stress analysts may write their own 
ISOPEDAC code for use with this program when production 
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ISOPEDAC language does not exist. ISOPIPE will issue 
prompts for these three options at the very beginning of 
the program (see Appendix A.) and they will be in effect 
for the entire session. 
Many of the capabilities of the ISOPIPE program are graph- 
ically displayed in Figure 2. This figure also shows the 
external files which are required for proper program 
operation. Of particular concern are the three files which 
must be maintained for all of the pipe specifications used 
in a pipeline. These are the ISOPEDAC pipework file, the 
ISOPIPE.pipe section file, and the ISOPIPE tee type file. 
Upkeep of these last two files, as well as the two other 
less volatile ISOPIPE files, is the responsibility of the 
stress analysis group. The FILES subprocessor has been 
designed for just this purpose and should be refered to 
for more details. 
E. Terminal Input Conventions 
The ISOPIPE Program reads an eighty column field of data from 
the terminal when input is required. This input line is 
referred to as the input buffer. When the program needs data 
the buffer is checked. If a valid response is found it is used 
directly without issuing prompts to the user. If an invalid 
response is encountered the user is informed and given a list 
of valid options along with an input prompt. A new input 
buffer is then read into the program, voiding all items 
following the invalid response. Also, whenever the buffer is 
empty a prompt is issued and a new buffer is read into the 
program. 
The experienced user can enter several pieces of data 
(separated by spaces) without being interrupted by prompts for 
the individual data sequences. The beginning user can enter 
one item at a time, following the input prompts, and be 
reasonably successful at entering data in the correct sequence, 
even without using this manual. 
There are several types of data that the program must receive 
from the terminal. These types are: 
1. Commands - This includes commands, subcommands and keywords 
which are entered as character strings separated by blanks. 
Each keyword has a maximum of twelve characters with no 
embedded blanks. Only enough characters need be entered to 
uniquely distinguish the desired command from the other 
possible responses. 
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2. Alphanumeric Data - This includes single word input such 
as file names, plot title information, and ISOPEDAC batch 
and line names. Again, the input is seperated by blanks 
so that no single response can contain imbedded spaces. 
The maximum number of allowable characters varies for 
each particular response, but can never exceed twelve. 
3. Multiple Word Alphanumeric Data - This includes input such 
as a plot title which can contain more than one word. This 
type of data is not entered through the input buffer and 
will be individually prompted for whenever required. 
4. Numeric Data - Numeric data also uses a blank as a 
delimiter and can contain no more than twelve digits 
(including decimal point). Decimal points are not required 
for floating point numbers which have no fractional part. 
All numberic data must be entered, that is, a blank field 
does not default to zero. 
6. Graphic Input Data - Locations of points on the screen are 
occasionally required and are entered to the terminal via 
the cross hairs. These responses are completely 
independent of the input buffer and are entered when the 
cross hairs appear on the terminal screen. Input is 
accomplished by positioning the cross hairs, with the thumb 
wheels or joy stick, and entering any keyboard character (a 
carriage return should not be used). Some graphic input 
routines may be teminated by entering a zero. 
F. Coordinate System 
The ISOPIPE program works in a right hand global coordinate 
system with X, Y and Z corresponding to ISOPEDAC east, north, 
and up, respectively. The origin of these coordinates is the 
bottom south-west corner of the cold box which was point 
(100,100,100) in ISOPEDAC. 
All coordinate values in ISOPIPE are in feet, while pipe 
cross section dimensions are in inches. 
G. Hardware Requirements 
The ISOPIPE program is designed to run on Tektronix 
terminals, primarily the 4014 model. Other Tektronix 
terminals will work, but with certain limitations due to 
their inability to handle the smallest screen characters. 
In addition, non-Tektronix terminals will work for all 
ISOPIPE operations except those which involve plotting. 
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II. THE START COMMAND 
A. Function 
The START command begins the program by reading in ISOPEDAC 
line names and creating the initial geometric data base. 
Format 
1. Syntax 
ISOPIPE 
COMMAND DATA 
START BNAME 
LNAME 
2. Data 
BNAME - ISOPEDAC batch header name (8 characters). 
LNAME - ISOPEDAC line name (8 characters). 
Examples 
ISOPIPE COMMAND: start 
ENTER END TO EXIT FROM ISOPEDAC INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAME: bndt31ss' 
ISOPEDAC LINE NAME 
ISOPEDAC LINE NAME 
ISOPEDAC LINE NAME 
bn2a0p31 
bn2alp31 bn2a3p31 
end 
ISOPEDAC BATCH HEADER NAME: bndt31al bn3a4p31 bn3a5p31 end 
ISOPEDAC BATCH HEADER NAME: end 
ISOPEDAC LINES NOW BEING PROCESSED 
D. Operation 
Each ISOPEDAC spool requires a batch name and a line name. 
A batch header name will be associated with all of the Hne 
names following it, until an end is encountered and a new 
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batch name can be input. Termination of the input routine 
is accomplished by also entering an end for the batch name. 
That is, two successive inputs of "end" are required to 
terminate input. 
All pipe geometry will initially be placed in the unconnected 
data base. After all of the spool geometry has been created 
the CONNECT command will automatically be called and a 
connected pipeline formed. 
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III. THE ADD COMMAND 
A. Function 
The ADD command is used to add ISOPEDAC pipe spools to the 
existing geometric data base, initially created with the start 
command. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND .   DATA 
ADD BNAME 
LNAME 
2. Data 
BNAME - ISOPEDAC batch header name (8 characters). 
LNAME - ISOPEDAC line name (8 characters). 
3. Examples 
ISOPIPE COMMAND: add 
ENTER END TO EXIT FROM ISOPEDAC INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAME: bndt31ss 
ISOPEDAC LINE NAME: bn2a0p31 
ISOPEDAC LINE NAME: bn2alp31 bn2a3p31 
ISOPEDAC LINE NAME: end 
ISOPEDAC BATCH HEADER NAME: bndt31al bn3a4p31 bn3a5p31 end 
ISOPEDAC BATCH HEADER NAME: end 
ISOPEDAC LINES NOW BEING PROCESSED 
4. Operation 
Each ISOPEDAC spool requires a batch name and a line name. 
A batch header name will be associated with all of the line 
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names following it, until an end is encountered and a new 
batch name can be input. Termination of the input routine 
is accomplished by also entering an end for the batch name. 
That is, two successive inputs of "end" are required to 
terminate input. 
All pipe geometry will initially be placed in the unconnected 
data base. After all of the pipe spool geometry has been 
created the CONNECT command will automatically be called, 
attempting to connect all added lines to the connected 
pipeline. 
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IV. THE DELETE COMMAND 
A. Function 
The DELETE command is used to delete ISOPEDAC pipe spools 
from the existing geometric data base. This includes 
unconnected as well as connected pipe spools. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND DATA 
DELETE BNAME 
LNAME 
2. Data 
BNAME - ISOPEDAC batch header name (8 characters). 
LNAME - ISOPEDAC line name (8 characters). 
C. Examples 
ISOPIPE COMMAND: delete : 
ENTER END TO EXIT FROM ISOPEDAC INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAME: bndt31ss 
ISOPEDAC LINE NAME: bn2a0p31 
ISOPEDAC LINE NAME: bn2alp31 bn2a3p31 
ISOPEDAC LINE NAME: end 
ISOPEDAC BATCH HEADER NAME: bndt31al bn3a4p31 bn3a5p31 end end 
ISOPEDAC LINES NOW BEING PROCESSED 
D. Operation 
Each ISOPEDAC spool requires a batch name and a line name. 
A batch header name will be associated with all of the line 
names following it, until an end is encountered and a new 
batch name can be input. Termination of the input routine 
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is accomplished by also entering an end for the batch name. 
That is, two successive inputs of "end" are required to 
terminate input. 
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V. THE MODIFY COMMAND 
A. Function 
The MODIFY command is used to alter the pipeline geometry as 
supplied by ISOPEDAC. These changes are completely internal to 
ISOPIPE and in no way affect the ISOPEDAC program. 
B. Format 
1. Syntax 
ISOPIPE MODIFY 
COMMAND SUBCOMMAND 
MODIFY CURSOR 
KEYBOARD 
PLOT 
AUTOPLOT 
LENGTH 
TRANSLATE 
KEYWORDS DATA 
ROTATE 
ADD 
RELATIVE 
ABSOLUTE 
EXIT 
POINT 
ANGLE 
EXIT 
RELATIVE 
ABSOLUTE 
ELBOW 
STRAIGHT 
TEE 
REDUCER 
BEND 
J1.J2 
JNT1 
JNT2 
TX.TY.TZ 
JNT1 
JNT2 
CJNT1 
CJNT2 
ROTATE 
JNT 
XC.YC.ZC 
XE.YE.ZE 
XE.YE.ZE 
XT.YT.ZT 
XB.YB.ZB 
XE.YE.ZE 
DB 
XE.YE.ZE 
DR 
XC.YC.ZC 
XE.YE.ZE 
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SPECIAL XE.YE.ZE 
END 
EXIT 
DELETE ELMl 
ELM2 
EXIT 
SELECT NSELCT 
s 
CURSOR  - Puts ISOPIPE in the cursor input mode. In 
this mode all joint and element identification 
is done with the cross hairs from the plot 
on the terminal screen. (This is the default 
mode.) 
KEYBOARD - Puts ISOPIPE in the keyboard input mode where 
all joint and element numbers are entered 
through the terminal keyboard. 
PLOT   - Enters the plot subrocessor for drawing any 
special plots for which AUTOPLOT is inadaquate. 
AUTOPLOT - Automatically draws the entire pipeline in 
a nominal isometric view with any labels 
which have been defined. 
LENGTH - Displays the absolute coordinates and distance 
between any two joints selected. To exit from 
this routine enter the same joint twice. 
TRANSLATE - Allows relative or absolute translation of 
selected joints. In the absolute mode the 
joint which is closest to the destination 
point will be moved to that point. 
ROTATE  - Permits one or more joints to be selected 
and rotated about a line between any other 
two joints. The rotation can be specified 
to a point or through an angle. 
ADD    - New pipe geometry can be added to any end 
joint with this subcommand. All added 
elements will retain the pipe specification, 
material, and PIPDYN branch number of the 
preceeding element. Cross section 
properties of all the specials must be 
defined with the PIPDYN SPECIAL subcommand. 
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Using this special element approach any type 
of piping can be modeled including a flange. 
DELETE  - Allows the user to delete one or more 
elements from a pipeline. The section of the 
pipeline after the deleted elements will be 
broken into the individual ISOPEDAC spools and 
put at the end of the unconnected data base. 
EXIT   - Returns the program to the ISOPIPE command 
level. 
SELECT  - This subcommand must be the first subcommand 
specified when the MODIFY suprocessor is 
entered. It allows the user to select one 
of the unconnected pipelines for modification. 
If SELECT is not specified the connected 
pipeline will automatically be selected. 
Data 
J1.J2   - Joints for length determination. 
To exit enter J1=J2 
JNT1   - First joint to be included in MODIFY operation 
JNT2   - Last joint to be included in MODIFY operation 
TX,TY,TZ - Relative or absolute translation, in 
absolute mode the closest joint is moved 
to the specified translation point (ft). 
CJNT1   - First joint of center line of rotation 
CJNT2   - last joint of center line of rotation 
ROTATE  - Either angle of rotation or destination 
point. Angular rotations obey the right 
hand rule referenced to the center line 
orientation (deg). Point rotations will 
put the joints in the line between the 
center line and the specified point (ft). 
JNT    - The end joint that geometry is to be 
added to. 
XC,YC,ZC - Relative or absolute corner joint 
coordinates for added elbows and bends (ft). 
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XE,YE,ZE - Relative or absolute end joint coordinates 
for added elements (ft). 
XT,YT,ZT - Relative or absolute tee intersection 
joint coordinates for added tees (ft). 
XB.YB.ZB - Relative or absolute branch end joint 
coordinates for added tees (ft). 
DB     - Nominal diameter of added tee branch (in). 
DR     - Nominal diameter of added reducer end (in). 
ELM1   - First element to be included in the MODIFY 
operation. 
ELM2   - Last element to be included in the MODIFY 
operation. 
NSELCT  - Number of the unconnected pipe spool to 
be modified. Select must be.the first 
MODIFY subcommand specified. 
C. Examples 
ISOPIPE COMMAND: modify translate relative 1 12 0 -.031 0 
FIRST TRANSLATION JOINT = 1 
LAST TRANSLATION JOINT = 12 
RELATIVE TRANSLATION   =0.0  -.031  0.0 
TRANSLATE (YES/NO): yes 
D. Operation 
The MODIFY command can be used with either the connected 
pipeline or one of the unconnected pipe spools by using the 
SELECT subcommand. 
Care should be used with the TRANSLATE and ROTATE subcommands 
since pipeline geometry can be distorted into physically 
unrealistic configurations. 
Connection of pipelines after modification is not done 
automatically and must be performed by the user with the 
CONNECT command. 
Joint and element identification can be done in either the 
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cursor or the keyboard mode. That is, joints can be selected 
with the cross hairs from the screen or joint numbers can be 
entered through the keyboard. ISPOPIPE is initially in the 
cursur mode, any changes made to the input mode affect the 
entire program, particularly the PIPDYN subprocessor. 
Before any of the modify operations are executed all of the 
input data is listed for user confirmation. 
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VI. THE CONNECT COMMAND 
A. Function 
The CONNECT command is used to connect unconnected pipe spools 
to the connected pipeline. The connection operation is 
automatically performed at the end of the START, ADD, and 
DELETE commands but not after the MODIFY command. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND 
CONNECT 
C. Examples 
ISOPIPE COMMAND: connect 
D. Operation 
At the end of the CONNECT subprocessor, a summary of any 
remaining unconnected lines will be given. This includes the 
joint numbers and coordinates of the end joints for each line 
and the closest end joint from the connected pipeline. 
Output of the connected geometric data base may be obtained at 
any time by using the DEBUG command in conjunction with the 
CONNECT command. 
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VII. THE PLOT COMMAND 
A. Function 
The PLOT command produces a scale, centerline graphics display 
of the selected geometric data base. It draws all plots on the 
terminal screen with an option for Calcomp-type hard copies. 
B. Format 
Syntax 
ISOPIPE PLOT 
COMMAND SUBCOMMAND KEYWORDS DATA 
PLOT ISOMETRIC 
PERSPECTIVE VWLENG 
VIEW X.Y.Z 
UP-AXIS XU.YU.ZU 
WINDOW D1.D2 
MWINDOW NWINDO 
D1.D2 
NEXT 
RESCALE 
LABEL AXIS 
NODES 
JOINTS 
ELEMENTS 
TITLE 
BRANCHES 
BOUNDARIES 
UNIFORM 
OFF 
CALCOMP IPFNAM 
USERID 
STATUS 
CRT 
DRAW 
LENGTH J1.J2 
DIAMETER ELM 
COLLECT PLOTIT 
JOBNUM 
DWNBY 
DATE 
CORNER 
LIST 
EXIT 
SELECT NSELCT 
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Subcommands 
ISOMETRIC - Sets the pipeline plot for a nominal isometric 
view with a view point of (-1,-1,1) and an 
up-axis of (0,0,1). 
PERSPECTIVE - Puts the pipeline in the nominal view and 
allows the user to specify a view length for 
a perspective plot. 
VIEW   - Permits the user to specify the view point. 
UP-AXIS - Allows the user to define which coordinate 
direction will be plotted upward. 
WINDOW  - Gives the user the ablity to define new screen 
limits and zoom in on any part of the plot. 
ISOPIPE will maintain the proper aspect ratio 
while including all of the selected area. 
MWINDOW - Allows the user to define multiple windows 
from the plot on the screen. The first 
window selected will be displayed with the 
following DRAW subcommand. The remaining 
windows can be viewed by issuing the NEXT 
subcommand before the next DRAW. 
NEXT   - Sets the screen limits to the next window 
previously defined with the multiple window 
(MWINDOW) subcommand. 
RESCALE 
LABEL  - Allows the user to add any combination of 
Resets the screen limits to accomodate the 
entire plot. 
labels, identified by the 
All desired keywords must 
single LABEL subcommand, 
added to every plot until 
or turned off. 
keywords, to a plot 
be specified with a 
These labels will be 
new labels are set 
CALCOMP - This subcommand allows the user to open an 
intermediate plot file (IPF) for creating hard 
copy Calcomp (Versatec) plots. These plots 
are executed off-line and can be submitted for 
processing by completing the prompts following 
normal termination of ISOPIPE. 
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Resets the plotting device back to the terminal. 
This will cancel a CALCOMP subcommand if issued 
before the DRAW subcommand. 
Executes the plotter using the current plot 
parameters. 
Displays the absolute coordinates and distance 
between any two joints selected. To exit from 
this routine enter the same joint twice. 
Displays the nominal diameter of any element 
selected. To exit from this routine enter a 
duplicate element. 
Collects all of the information necessary for 
the plot title block which is displayed with 
the LABEL TITLE subcommand. 
Lists the current plotting parameters. 
Returns the program to ISOPIPE command level. 
This subcommand must be the first subcommand 
specified when the PLOT suprocessor is entered. 
It allows the user to select one of the uncon- 
nected pipelines for modification. If SELECT 
is not specified the connected pipeline will 
automatically be selected. 
It is also possible to select all of the pipe- 
lines for plotting, so that there relationships 
to each other can be seen, by entering "all" 
instead of an unconnected line number. 
The perspective viewing length. 
The point that defines the user's position 
about the three dimensional pipeline, 
nominally (-1,-1,1). 
XU,YU,ZU - Defines the coordinate direction which 
is plotted upwards, nominally (0,0,1) 
or Z up. 
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D1,D2   - Diagonal end points of desired viewing window, 
selected with the cross hairs. The program 
will maintain the proper aspect ratio while 
including all the area selected. 
NWINDO  - The number of multiple windows the user 
intends to define. 
IPFNAM  - Name of the intermediate plot file which must 
be opened during the first Calcomp plot 
request (maximum of 8 characters). 
USERID  - The user's logon ID in the form AXXXX. 
STATUS  - Is this a new or an old intermediate plot file. 
J1,J2   - Joints for length determination. 
To exit from length select J1=J2. 
ELM    - Element for nominal diameter determination. 
PLOTIT  - Multiple word plot title (maximum of 12 
characters per word and 28 characters total). 
JOBNUM  - Job number for plot title (maximum of 10 
characters). 
DWGNUM  - Drawing number for plot title (maximum of 
10 characters). 
DWNBY  - User's initials (maximum of 3 characters). 
DATE   - Date for title block (maximum of 8 
characters). 
CORNER  - Selection of the screen corner for the 
title block with the cross hairs. 
NSELCT  - Number of the unconnected pipeline to be 
plotted. Or "all" if all lines are to be 
plotted together. 
C. Examples 
ISOPIPE COMMAND: plot isometric label axis draw 
PLOT SUBCOMMAND: up-axis 1 1 0 label nodes elements draw 
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PLOT SUBCOMMAND: view 1.5 -3 2.6 draw 
PLOT SUBCOMMAND: calcomp ipfOl al234 n draw 
PLOT SUBCOMMAND: exit 
D. Operation 
Several subcommands may be given for each desired plot,since 
a plot is not drawn until the DRAW subcommand is encountered. 
Also, labels can be added to the plot in any combination with a 
single LABEL subcommand. A title, however, cannot be added to 
the plot until all of the necessary title block information 
has been collected with the COLLECT subcommand. 
The SELECT subcommand is used to select an unconnected pipe 
spool for plotting. This must be the first subcommand 
requested upon entering the plotting subprocessor or the main, 
connected pipeline will automatically be selected. 
All Calcomp (Versatec) plots are executed off-line. If an 
intermediate plot file has been created, with the CALCOMP 
subcommand, it can be submited for processing by following 
the procedure after termination of the main ISOPIPE program. 
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VIII. THE PIPDYN COMMAND 
A. Function 
The PIPDYN subprocessor allows the user to define the additional 
data necessary for a PIPDYN-II static pipe stress analysis of 
the connected pipeline and create a PIPDYN input deck. 
B. Format 
1. Syntax 
ISOPIPE PIPDYN 
COMMAND SUBCOMMAND KEYWORDS DATA 
PIPDYN CURSOR 
KEYBOARD 
PLOT 
AUTOPLOT 
BRANCH START ELM1 
BOUNDARY 
ADD 
DELETE 
MATERIAL 
LIST 
PLOT 
AUTOPLOT 
EXIT 
START 
ANCHOR 
SPECIAL 
SKEW 
ADD 
ANCHOR 
SPECIAL 
SKEW 
DELETE 
ELM2 
PRESS 
TLEG 
ELM1 
ELM2 
PRESS 
TLEG 
BRNUM 
MATCOD 
JNT 
XD.YD.ZD 
XR.YR.ZR 
XT.YT.ZT 
XR.YR.ZR 
ORMAT 
JNT 
XT.YT.ZT 
XR.YR.ZR 
XT.YT.ZT 
XR.YR.ZR 
ORMAT 
JNT 
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UNIFORM 
WEIGHT 
LOAD 
LIST 
PLOT 
AUTOPLOT 
EXIT 
START 
SINGLE ELM 
MULTIPLE ELM1 
ELM2 
ADD 
SINGLE ELM 
MULTIPLE ELM1 
ELM2 
DELETE ULNUM 
PLOT 
AUTOPLOT 
EXIT 
PIPE PIPEWT 
START ELM1 
ELM2 
DISTWT 
FLUID 
INTHIK 
INWT 
INSHET 
ADD ELM1 
ELM2 
DISTWT 
FLUID 
INTHIK 
INWT 
INSHET 
DELETE ELM1 
ELM2 
CLEAR 
SHOW ELM 
PLOT 
AUTOPLOT 
EXIT 
START 
DEADWEIGHT GX.GY.GZ 
GFACT 
THERMAL TLEG 
BTEMP 
RTEMP 
MOVEMENT BJNT 
DX.DY.DZ 
RX.RY.RZ 
FORCE JNT 
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SPECIAL 
FX.FY.FZ 
MX,MY,MZ 
UNIFORM ULNUM 
ULOAD 
UX.UY.UZ 
END 
ADD 
DEADWEIGHT GX.GY.GZ 
GFACT 
THERMAL TLEG 
BTEMP 
RTEMP 
MOVEMENT BJNT 
DX.DY.DZ 
RX.RY.RZ 
FORCE • JNT 
FX.FY.FZ 
MX.MY.MZ 
UNIFORM ULNUM 
ULOAD 
UX.UY.UZ 
END 
DELETE LNUM 
LIST 
PLOT 
AUTOPLOT 
EXIT 
START ELM 
CONSTANT OD 
WALL 
WTPLEN 
VARAIBLE OD1 
WALL1 
OD2 
WALL2 
WTPLEN 
END 
ADD ELM 
CONSTANT OD 
WALL 
WTPLEN 
VARAIBLE OD1 
WALL1 
OD2 
WALL2 
WTPLEN 
END 
DELETE ELM 
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LIST 
PLOT 
AUTOPLOT 
EXIT 
CLEAR 
WRITE 
RELATIVE 
ABSOLUTE 
GEOMETRY 
DEFORMED 
PFNAME 
USERID 
STATUS 
CODE 
TITLE1 
TITLE2 
GFNAME 
USERID 
GFNAME 
DFNAME 
USERID 
NONE 
EXIT 
2. Subcommands 
CURSOR Puts ISOPIPE in the cursor input mode. In 
this mode all joint and element identification 
is done with the cross hairs from the plot 
on the terminal screen, (this is the default 
mode.) 
Puts ISOPIPE in the keyboard input mode where 
all joint and element numbers are entered 
through the terminal. 
Enters the plot subprocessor for drawing any 
special plots for which AUTOPLOT is inadequate, 
Automatically draws the entire pipeline in a 
nominal isometric view with any labels which 
have been defined. 
Allows the user to define the branches of the 
pipeline. All elements within a branch must 
be the same material and have the same 
internal pressure and thermal conditions. 
BOUNDARY - Gives the user the ablity to define the 
boundary joints and their conditions. 
KEYBOARD 
PLOT 
AUTOPLOT 
BRANCH 
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UNIFORM - Allows the user to identify elements with 
uniform load case numbers. 
WEIGHT  - Element weights for deadweight loads can be 
changed with the WEIGHT subcommand. ISOPIPE 
will automatically add the pipe weights for 
all elements (weight of all special elements 
must be defined with the SPECIAL subcommand) 
unless told otherwise using the PIPE keyword. 
LOAD 
SPECIAL 
CLEAR 
WRITE 
EXIT 
Data 
ELM1 
- Permits the user to collect load cases for a 
PIPDYN-II static stress analysis. 
- Allows the user to define the cross section 
properties and weight of special elements and 
any of the elements which differ from the 
standard pipe specification. 
- Clears all of the collected PIPDYN data. 
- Writes the PIPDYN-II preprocessor deck to the 
file which has been opened. It also will 
allow the user to submit the job into the 
batch job stream. 
- Return the program to the ISOPIPE command 
level. 
The first element to be included in the 
PIPDYN operation. 
ELM2   - The last element to be included in the 
PIPDYN operation. 
PRESS   - Internal pressure of the pipe branch (psi). 
TLEG   - Thermal leg number for assignment of 
thermal load conditions. 
BRNUM   - The number of the branch to be deleted. 
MATCOD  - Material code for branch which identifies 
the material property table. 
JNT    - The joint on which the PIPDYN operation is 
to take place. 
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XD,YD,ZD - Displacement boundary condition, 0 for free, 
1 for fixed. Elastic constraints are 
specified by entering any other number as 
the spring constant (lb/in). 
XR,YR,ZR - Rotation boundary condition, 0 for free, 
1 for fixed. Elastic constraints are 
specified by entering any other number 
as the spring constant (lb/rad). 
ORMAT   - Nine angles for the three by three local 
boundary orientation matrix. 
ELM    - The element on which the selected PIPDYN 
operation will take place. 
ULNUM   - Uniform load case number. 
DISTWT  - Distributed weight to be added to the 
selected elements (lb/ft). 
FLUID   - Specific gravity of the internal fluid. 
INTHIK  - Insulation thickness on outside of pipe (in) 
INwT   - Specific weight of pipe insulation(lb/ft**3) 
INSHET  - Weight of any sheeting over the pipe 
insulation (lb/ft**2). 
GX,GY,GZ - Directional gravitation vector. 
GFACT   - Factor of gravity applied as load. 
BTEMP   - Bulk temperature of thermal leg (F). 
RTEMP   - Zero stress reference temperature of 
thermal leg (F). 
BJNT   - Boundary joint at which movement is to 
be specified. 
DX.DY.DZ - Specified displacement vector (in). 
RX.RY.RZ - Specified rotation vector (rad). 
FX.FY.FZ - Concentrated force vector (lb). 
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MX.MY.MZ - Concentrated moment vector (in-lb). 
ULOAD   - Applied uniform load (lb/ft). 
UX,UY,UZ - Directional uniform load vector. 
LNUM   - Load case number for deletion. 
OD     - Outside diamter of constant cross section 
pipe element (in). 
WALL   - Wall thickness of constant cross section 
pipe element (in). 
WTPLEN  - Weight per length of pipe element (lb/ft). 
0D1    - Outside diamter of first end of variable 
cross section pipe element (in). 
WALL1   - Wall thickness of first end of variable 
cross section pipe element (in). 
0D2    - Outside diamter of second end of variable 
cross section pipe element (in). 
WALL2   - Wall thickness of second end of variable 
cross section pipe element (in). 
PFNAME  - Name of file to which PIPDYN-II preprocessor 
deck will be written (maximum of 8 character). 
USERID - User's logon id in form AXXXX. 
STATUS - A new or an old file. 
TITLE1 - Main title for PIPDYN-II stress analysis. 
TITLE2 - Subtitle for PIPDYN-II stress analysis. 
CODE   - Code to be used for PIPDYN-II stress analysis, 
either B31.1 or B31.3. 
GFNAME  - Name of MENTAT geometry file to be created 
during PIPDYN-II analysis (maximum of 8 
characters). 
DFNAME  - Name of MENTAT deformed geometry file to be 
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created during PIPDYN-II analysis (maximum 
of 8 characters). 
C. Examples 
ISOPIPE COMMAND: pipdyn write pipdeckl A1234 new 
MAIN TITLE: pipdyn static stress analysis 
SUBTITLE: isopipe data file al234.isosavel.data 
CODE FOR STRESS ANALYSIS: b31.3 
TYPE OF PIPDYN-II JOINT COORDINATES: relative 
TYPE OF MENTAT POST PLOTS: none 
D. Operation 
The PIPDYN command has no SELECT option and will only work 
on the connected pipeline. 
Every attempt should be made to finalize the geometry of 
the connected pipeline before beginning to define PIPDYN 
parameters. The program will accomodate most geometry 
modifications, but care should be taken and the old PIPDYN 
data checked. 
For further information on many o.f the PIPDYN inputs please 
refer to the PIPDYN-II preprocessor manual. 
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IX. THE WRITE COMMAND 
A. Function 
The WRITE command allows the user to save all of the ISOPIPE 
data he has created in a formatted disk file. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND DATA 
WRITE FILNAM 
USERID 
STATUS 
Data 
FILNAM 
USERID 
STATUS 
- Name of file to which ISOPIPE data will be 
written (maximum of 8 characters). 
- The user logon id in form AXXXX. 
- A new or an old file. 
C. Examples 
ISOPIPE COMMAND: write isosavel al234 new 
D. Operation 
By using this command in conjunction with the READ command, 
a user can conveniently interrupt an ISOPIPE session. He need 
only execute the WRITE command just before terminating the 
program and all of the data will be saved. The READ command 
must then be the first command selected when the session is 
resumed. 
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X. THE READ COMMAND 
A. Function 
The READ command allows the user to read an ISOPIPE data 
file which was created with the WRITE command. 
B. Format 
Syntax 
ISOPIPE 
COMMAND 
READ 
DATA 
FILNAM 
USERID 
Data 
FILNAM - The name of the ISOPIPE data file which is to 
be read into the program (maximum of 8 
characters). 
USERID  - The user logon id in the form AXXXX. 
C. Examples 
ISOPIPE COMMAND: read isosavel al514 
D. Operation 
This command allows the user to resume an incomplete session 
for which an ISOPIPE data file was created with the WRITE 
command. 
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XI. THE FILES COMMAND 
A. Function 
The FILES command allows the user to modify any of the four 
ISOPIPE data files within a session. These changes can be 
saved on the permanent files if the user has write privilages 
for production files. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND 
FILES 
FILES 
SUBCOMMAND 
MATERIAL 
PIPE 
FLANGE 
MATERIALS 
LIST MAT 
ADD NEWMAT 
DELETE MAT 
CONTINUE MAT 
ERASE MAT 
TEMP 
RENAME MAT 
NEWMAT 
EXIT 
SPECS 
LIST SPEC 
ADD NEWSPEC 
DELETE SPEC 
CONTINUE SPEC 
ERASE SPEC 
NDIAM 
RENAME SPEC 
NEWSPEC 
COPY SPEC 
NEWSPEC 
EXIT 
CLASSES 
LIST CLASS 
ADD NEWCLASS 
DELETE CLASS 
CONTINUE CLASS 
ERASE CLASS 
NDIAM 
RENAME CLASS 
NEWCLASS 
COPY CLASS 
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TEE 
NEWCLASS 
EXIT 
SPECS 
LIST SPEC 
ADD NEWSPEC 
DELETE SPEC 
CONTINUE SPEC 
ERASE SPEC 
NBDIAM 
RENAME SPEC 
NEWSPEC 
COPY SPEC 
NEWSPEC 
EXIT 
EXIT 
Subcommands 
MATERIAL - This subcommand allows the user to modify 
the ISOPIPE material properties file which 
includes temperature (F), elastic modulas 
(psi), Poisson's ratio, and coefficient of 
thermal expansion (in/(in*ft)). Each 
material property table is identified by a 
material code, up to two characters long, 
and can contain 20 entries. The entries 
within each table are automatically kept 
in order of decreasing temperature. 
PIPE   - The PIPE subcommand lets the user alter the 
standard ISOPIPE pipe section file. This 
file includes nominal pipe diameter (in), 
outside pipe diameter (in), pipe wall thick- 
ness (in), pipe weight (lbs/ft), outside 
fitting diameter (in), fitting wall thick- 
ness (in), elbow weight (lbs/ft), and bend 
weight (lbs/ft) for all pipe specifications 
in the program. The piping specifications 
must be the same as those in ISOPEDAC, not 
exceeding 8 characters in length. The pipe 
file will hold up to 40 specifications with 
no more than 25 entries in each, kept in 
order of increasing nominal diamter. 
A new specification is more easily added if 
the ISOPEDAC pipework file for that 
specification exists, since the radii needed 
for the elbow and bend weight calculations 
will then not have to be input. 
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FLANGE  - The flange file, which is maintained by 
flange class (maximum of 4 characters), can 
be modified with this subcommand. Up to 40 
classes can be stored, each with upto 25 
entries of nominal diameter (in), flange 
diameter (in), hub diameter (in), and flange 
thickness (in). 
flange thickness 
TEE 
3. Data 
MAT 
NEWMAT 
The entries for each class are kept in 
order of increasing nominal diameter. 
The TEE subcommand allows the user to change 
the tee type file. A tee type table is 
needed for each pipe specification and 
determines the type of tee to be used for 
all combinations of branch and header pipe 
sizes. Tee tables are stored exactly as they 
appear in the Air Products standards. The 
program will order the branch sizes, on the 
left, in decreasing order and duplicate this 
order for the header sizes along the bottom. 
The user should carefully check the tee 
table after any changes have been made. By 
using the LIST keyword the table can be 
visually inspected to insure it is the 
proper form. 
Material code for an existing material 
property table (2 characters maximum). 
Material code for a new material property 
table (2 characters maximum). 
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TEMP   - Reference temperature (F) for identifing an 
entry within a material table. 
SPEC   - Pipe specification for an existing pipe section 
or tee type table (8 characters maximum). 
NEWSPEC - Pipe specification for a new pipe section or 
tee type table (8 characters maximum). 
NDIAM   - Nominal pipe diameter (in) for identifing an 
entry within a pipe section or flange table. 
CLASS   - Flange class for identifing an existing 
flange table (4 characters maximum). 
NEWCLAS - Flange class for a new flange table 
(4 characters maximum). 
NBDIAM  - Nominal branch pipe diameter (in) for 
identifing an entry within a tee type table. 
Examples 
ISOPIPE COMMAND: files 
FILES SUBCOMMAND: material 
MATERIAL FILE KEYWORD: rename 
CODE OF MATERIAL TO BE RENAMED (2 CHARACTERS MAX): aa 
NEW CODE FOR MATERIAL AA (2 CHARACTERS MAX): zz 
MATERIAL FILE KEYWORD: exit 
SAVE NEW MATERIAL PROPERTY TABLES ON PERMANENT FILE (YES/NO): no 
FILES SUBCOMMAND: exit 
Operation 
The complete file can be viewed with the LIST keyword by 
entering "all" in place of the material code, the pipe 
specification, or the flange class. 
Any changes made to the files will only be active within 
the current terminal session. These modifications cannot be 
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continued through the use of the WRITE and READ commands. 
However, permanent changes can be made by rewriting the 
ISOPIPE files. This can be done, when exiting from the 
particular file subcommand, by any user authorized to write 
production datasets. 
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XII. THE TERMINAL COMMAND 
A. Function 
The TERMINAL command allows the user to reenter the terminal 
initialization responses if an error has been made during the 
normal initialization procedure. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND DATA 
TERMINAL TERM 
BAUD 
2. Data 
TERM  - The Tektronix terminal model number. 
BAUD  - The terminal baud rate in bits per second. 
C. Examples 
ISOPIPE COMMAND: terminal 4014 1200 
D. Operation 
Both data responses must be numeric and are entered 
through the normal input buffer. 
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XIII. THE DEBUG COMMAND 
A. Function 
The DEBUG command allows the user to output the geometric 
data base during different parts of the program as indicated 
by the keywords selected. 
B. Format 
Syntax 
ISOPIPE 
COMMAND 
DEBUG 
KEYWORDS 
OFF 
BREAKDOWN 
ASSEMBLE 
CONNECT 
FILE10 
INVERT 
ISOPEDAC 
C. Examples 
ISOPIPE COMMAND: debug 
DEBUG KEYWORD: filelO breakdown 
ISOPIPE COMMAND: debug off 
D. Operation 
Intermediate program results will be displayed for the 
sections of the program identified in the DEBUG subcommand. 
The desired DEBUG keywords must be selected before that 
particular program operation takes place in order for the 
output to occur. All desired DEBUG keywords must be strung 
together after the prompt, any not listed will be turned 
off. 
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XIV. THE STOP COMMAND 
A. Function 
The STOP command closes any files which were opened and 
terminates the ISOPIPE program. 
B. Format 
1. Syntax 
ISOPIPE 
COMMAND 
STOP 
C. Examples 
ISOPIPE COMMAND: stop 
D. Operation 
The STOP command is the last response read into the input 
buffer and hence cannot be followed by any other data. 
Information required for IPF processing will be prompted 
for following the termination of the program. 
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Appendix A. EXAMPLE SESSION 
Logon to TSO 
READY 
U!LC1?HIS ANALYSIS USE ISOPEDAC RELEASE ZA  OR 28 •»  (24/38) :a* 
DILL THIS ANALYSIS USE COLD BOX OR YARD PIPING ? CCB'Y) :cb 
HILL THIS ANALYSIS USE ISOPEDAC DETAIL LANGUAGE FROM 
THE ISOPEDAC OR THE STRESS DATA LIBRARY ? CI/S) :l 
TERMINAL TYPE: 
TERMINAL BAUD RATE: 
9600 
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THE ISOPIPE PROGRAM IS PROPRIETARY SOFTWARE DEVELOPED 
BY 01R PRODUCTS OND CHEMICOLS. INC.  THIS PROOROM MOY 
NOT BE USED ON ONY COMPUTERS OTHER THON THE IBM 3033 
OR THE OMDOHL 470/V8.  THE USOCE OF THIS PROOROM IS 
RESTRICTED TO INTERNAL PERSONAL OF 01R PRODUCTS OND 
CHEMICOLS. INC. 
THE PROOROM ROLES ORE> 
2. 
3. 
INVPLIO RESPONSES TO COMMANDS. SUBCOMMANDS. OR 
KEYWORDS WILL RESULT IN 0 LIST 0* VOL ID RESPONSES. 
HELP WILL PLSO RESULT IN 0 LIST QF VOLIO RESPONSES 
FOR ONY COMMONO LEVEL. 
OCCASIONALLY, THROUGH THE COURSE OP THIS SESSION. 
THE BELL WILL RINO.  WHEN IT OOES. THE PROOROM IS 
PRUS1N0 SO THOT YOU HOY VIEW THE DOTO ON THE SCREEN. 
YOU SHOULD ENTER P CORRIOCE RETURN TO PROCEED. 
LETS PROCTICE THIS. 
THE TERMINAL BOUD ROTE MOY BE ENTERED OS THE 
NEOOTIVE OF THE TRUE VOLUE TO SKIP THESE DIRECTIONS. 
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ISOPIPE CCMWMND! 
start 
ENTER END TO EXIT FROM ISOPEDAC  INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAftEi 
B»dt3J»t 
ISOPEDAC LINE NAHEt 
bn3«Sp31 
ISOPEDAC LINE NAMEl 
bfl3a6p3t 
ISOPEDAC LINE NAME: 
•nd 
ISOPEDAC BATCH HEADER NAflEi 
b«dl31»» 
ISOPEDAC LINE HAflEi ■n2*0p31 bn2a3p31 and 
ISOPEDAC BATCH HEADER NAME: 
•nd 
ISOPEDAC LINES NOW BEING PROCESSED 
till U-ELBOU.l ELENNT  2 IN LINE  1 COULD NOT ACCOHODATE A STANDARD ELBOU 
THE ELBOU IS NOU ASSUMED TO BE A SHORT RADIUS TVPE. 
»»»  2 LINES COULD NOT BE CONNECTED tt! 
LINE  1  (BNDT31SS BN2A0P31 ) JOINT 21 
IS CLOSEST TO JOINT 41 
LINE 2 «BNDT31SS BN2A3P31) JOINT 19 
IS CLOSEST TO JOINT 41 
14.250 
9.£67 
0.583 
10.359 
9.667 
4.693 
2.833 
2.833 
e.eee 
9.167 
2.833 
6.333 
18.911 
18.000 
0.911 
24.552 
18.000 
6.552 
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1S0PIPE COfiWHDt 
plot 
PLOT SUlCOfWANDi 
Mlrct 
SELECT LINE NUMERt ■ U 
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ISOPIPE COfVMHDl 
•rid 
ENTER END TO EXIT FROfl ISOPEDAC INPUT PROMPTS 
ISOPEDAC BATCH HEADER NAME I 
Imdt31at bn3a4p31 and and 
ISOPEDAC LINES NOU BEING PROCESSED 
««* U-ELBOU.l ELENNT  1 IN LINE 3 COULD NOT ACCONODATE A STANDARD ELBOU 
THE ELBOU IS NOU ASSUMED TO BE A SHORT RADIUS TYPE. 
»tt U-ELBOU.l EUNNT  6 IN LINE 3 COULD NOT ACCOflODATE A STANDARD ELBOU 
THE ELBOU IS NOU ASSURED TO BE A SHORT RADIUS TYPE. 
ttt  1 LINES COULD NOT BE CONNECTED MS 
LINE  1  (BNDT31SS BN2A3P31) JOINT 19     1«.359      9.167     24.552 
IS CLOSEST TO JOINT 56     19.256      9.1G7     241563 
#.te9 e.eee e.eie 
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ISOPIPE COTtMNPi 
plot 
PLOT SUBCOflflANDi 
Mitel all 
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ISOPIPE cvmmoi 
moditu 
nODlfV SUtCOMMNDt 
Iranstate 
TRANSLATION KEYWORD I 
'M^ft^TtiFSFFW,? J0,NTS, 
1C.3S9 9.167 24.558 
FIRST JOINT-  56 
LAST JOINT-   56 
ABSOLUTE TRANSLATION-  19.3S9  9.167 24.552 
TRANSLATE <YES/NO): 
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MODIFY SUtCOffMHDt 
•xit 
ISOPIPE COWMNDt 
connect 
»t    ALL LINES SUCCESSFUL!.V CONNECTED    XXt 
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ISOPIPE COfWMNDl 
plot 
PLOT SUKOftMNDt 
iKmmlrtc 
PLOT SUBCOflTMNDt 
draw 
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PLOT SUICOHHAMDI 
tab* I 
LABEL KEVUOPDi 
axis joints 
PLOT SUICOrtftAND! 
draw 
PLOT SUiCOWTWNDi 
tab*I off 
PLOT SUICOWMflDl 
•xll 
ISOPIPE COWWMDt 
pipdyn 
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PIPDYH SUBCOMMAND! 
branch ■RANCH KEVUORD! 
•Urt 
f IRST AWL LAST IRAtJCH ELEHENTSl  _ 
MORE ELEMENTS IN BRANCH  1 <YES/NO>« 
"FIRST AND LAST IRANCH ELEHENTSl 
MORE ELEMENTS IN BRANCH  1 <YES/NO>« 
no 
INTERNAL PIPE PRESSURE (PSI )J 
15* 
THERMAL LEG NUMBERS 
1 
ANOTHER BRANCH (YES/NO)! 
WFIRST AND LAST BRANCH ELEHENTSl 
MORE ELEMENTS IN BRANCH  2 (YES/NO)I 
"FIRST AND LAST BRANCH ELEMENTS! 
MORE ELEMENTS IN BRANCH  2 (YES/NO)t 
no 
INTERNAL PIPE PRESSURE (PSl)s 
tse 
THERMAL LEG NUMBER: 
1 
ANOTHER BRANCH (YES/NO)I 
no 
HI  ALL ELEMENTS HAUC BEEN ASSIGNED TO BRANCHES 
BRANCH KEYUORDi 
lilt 
THERMAL 
BRANCH MATERIAL PRESSURE LEG NO. 
1 AA    1S6.M4   1 
2 ss   ise.Me  i 
BRANCH KEYWORD! ■xit 
Ls- 
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PIPDVH SUBCOMMAND: 
*IpECIAL PIPE SECTION KEYUORD: 
•tart 
ulfcuT EU,1ENSS NOMINAL PIPE DIAMETER 8.O00 
CONSTANT OR UARIABLE CROSS SECTION: 
constant 
OUTSIDE DIAMETER tIN): 
ie 
UAU THICKNESS UN): 
UEICHT PER LENGTH (LI'FT): 
1
 ANOTHER SPECIAL ELEMENT (YES/NO): 
¥•» 
VALuF ELEIleNAA NOMINAL PIPE DIAflETER 4.000 INCHES 
CONSTANT OR VARIABLE CROSS SECTIONl 
constant 
OUTSIDE DIAflETER (IN)i 
S .5 9.46 
ANOTHER SPECIAL ELEMENT (YES/NO)! 
no 
US ALL SPECIALS HAUE BEEN DEFINED 
SPECIAL PIPE SECTION KEYUORD: 
PIPDVN SUBCOMMAND: 
boundary 
BOUNDARY KEYUORD: 
•tart 
BOUNDARY JOINT: 
BOUNDARY CONDITION: 
anchor 
ANOTHER BOUNDARY JOINT tVES'NO): 
"BOUNDARY JOINT: 
BOUNDARY CONDITION: 
anchor ua» 
BOUNDARY JOINT: 
BOUNDARY CONDITION: 
DISPLACEMENT CONDITION X V Z : 
1 0 1 
ROTATION CONDITION X V Z : 
• • • 
ANOTHER BOUNDARY JOINT (YES/NO): 
"BOUNDARY JOINT: 
BOUNDARY CONDITION: 
anchor no Hat 
1  ANCHOR 
74 ANCHOR 
27 SPECIAL  10 10 0 0 
103 ANCHOR 
BOUNDARY KEYWORD: 
•xlt 
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PIPDVN SUBCOMMAND! 
weight 
WEIGHT KEVUORDi 
atari 
IDffiJMPJNUrtlMMV ELEnN£TS' >: 
SPECIFIC CRAVITY OF INTERNAL FLUID! 
.65 
SPECIFIC UEICHT OF INSULATION (LB/FTM3): 
2.8S 
INSULATION THICKNESS (IN): 
2 
INSULATION SHEETING UEICHT (LB/FTM2)! 
• 
ADO MORE ELEMENT UEIGHTS (YES/NO) I 
UEICHT KEVUORDi 
PIPDVN SUBCOMMAND: 
load 
LOAD KEVUORDi 
itirt 
TITLE FOR LOAD  1 ONLY (32 CHARACTERS MAX)! 
tharaal »tra»a ana lasts 
LOAD TVPE: 
tharaaI 
THERMAL LEG NUNBERt 
1 
BULK TEMPERATURE (F): 
-324 
ZERO STRESS REFERENCE TEMPERATURE (F): 
159 
LOAD TVPEt 
aovaaanl 
SELECT DISPLACED JOINT* 
JOINT TRANSLATION X Y Z (IN)i 
.S4   .06345 -.•IBS 
JOINT ROTATION X Y 2 (RAD)I 
• • a 
LOAD TYPE! 
•nd 
ANOTHER LOAD CASE (YES/NO)! 
uai 
TITLE FOR LOAD 2 ONLY (32 CHARACTERS MAX)! 
•aadwatght 
LOAD TVPEJ 
deadweight 
GRAVITATIONAL VECTOR X Y 21 
• t -1 
GRAVITATIONAL LOAD FACTOR! 
1 
LOAD TYPE! 
•ad 
ANOTHER LOAD CASE (YES/NO)! 
no 
LOAD KEYWORDi 
•lit 
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PIPDVN SUBCOfWMNPt 
•Wit* 
PIPDVH URITE FILE HAHE (B CHARACTERS MAX): 
P
 PIPDVH URITE FILE USER PREFIX (AXXXXM 
• 1514 
IS THIS A NEW OR AH OLD FILE! 
fl#M 
CODE FOR STRESS ANALYSIS: 
1131.3 
PIPDVN TITLE ONLY (72 CHARACTERS MAX): 
chevroa paintar field 
PIPDVN SUBTITLE OMLV (72 CHARACTERS MAX): 
tkaraal atraaa analyst* 
TYPE OF PIPDVN-II JOINT COORDINATES: 
relative 
TYPE OF HENTAT POST PLOTS* 
oaforaarf 
HEHTAT GEOMETRY FILE NARLE (8 CHARACTERS MAX)I 
"HEHTAT DEFORMED GEOMETRY FILE NAUE (8 CHARACTERS B 
aandefor 
HENTAT PLOT FILE USER PREFIX (AXXXX): 
alSH 
»M PIPDVN DECK SUCCESSFULLY WRITTEN TO A1S14.PIPDVNEX.DATA 
UOULD YOU LIKE TO SUIMT THE PIPDYM JOB (VES/H0)i 
no 
PIPDVN SUBCOMMAND: 
•xlt 
ISOPIPE COWHAND: 
•top 
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DID YOU CREATE AN INTERMEDIATE PLOT FILE ? (V/M) tn 
READY 
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//A1514A JOB (1, 
// 1514.AAAAAA,01,00-3-1234,221-1234,10,6),'SNYDER.R I 
// CLASS=H,MSGLEVEL=1,REGION=512K,TIME=(0,30),NOTIFY=A1514 
//PIPDYN EXEC P1A002 
//PREPROC.SYSIN DD * 
START B313 NO PRODUCTION NO TAPE 
CHEVRON PAINTER FIELD 
GEOMETRY 
THERMAL STRESS ANALYSIS 
> 
COORDINATES FEET 
1 12.3333 3.5833 5.2500 
2 -1.9167 0.0 0.0 1 
3 -0.8334 0.0 -0.0000 2 
4 0.0000 0.0 0.8334 3 
5 0.0 0.0 0.5000 4 
6 0.2552 0.7031 0.0 5 
7 0.0 0.0 0.1250 5 
8 0.0 0.0 0.1250 7 
9 0.0 -0.5000 0.0 8 
10 0.0 0.0 1.0026 8 
11 0.0 0.0 1.0026 10 
12 -1.1250 0.0 0.0 11 
13 0.0 0.0 1.1198 11 
14 0.0 0.0 0.5833 13 
15 0.0 -0.0000 1.5000 14 
16 0.0 0.0 0.4583 15 
17 0.0 -0.0000 0.5000 16 
18 0.0 0.5000 0.0000 17 
19 0.0 0.8333 0.0 18 
20 0.0 0.5000 -0.0000 19 
21 0.0 0.0000 0.5000 20 
22 0.0 0.0 5.5000 21 
23 0.0 0.0 5.5000 22 
24 -0.0000 0.0 0.4999 23 
25 0.5000 0.0 0.0001 24 
26 0.5000 -0.0000 0.0 25 
27 -0.0000 -0.5000 0.0 26 
28 0.0 -0.9479 0.0 27 
29 0.0 -0.1719 0.0 28 
30 0.0 -0.0781 0.0 29 
31 0.0 -0.1302 0.0 30 
32 0.0 -0.0833 0.0 31 
33 0.0 -0.1719 0.0 32 
34 -0.0000 -0.5000 0.0 33 
35 -0.5000 0.0000 0.0 34 
36 -0.4166 0.0 0.0 35 
37 -0.5000 0.0 -0.0001 36 
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38 0.0000 0.0 -0.4999 37 
39 0.0 0.0 -6.0000 38 
40 0.0000 0.0 -0.5001 39 
41 0.5000 0.0 0.0001 40 
42 0.5833 -0.0000 -0.0000 41 
43 0.0 0.0 0.5781 42 
44 0.0 0.0 0.2396 43 
45 0.0 0.0 0.0990 44 
46 0.0000 -0.0000 0.0938 45 
47 0.0 0.0 0.2396 46 
48 0.0 0.0 0.5833 47 
49 2.0833 0.0 0.0 48 
50 0.0 0.0 3.1667 48 
51 0.0 -0.0000 1.0000 50 
52 0.0 1.0000 0.0000 51 
53 0.0 3.0417 0.0 52 
54 0.0 1,6250 0.0 53 
55 0.0 0.6667 0.0 54 
56 0.1094 -0.0000 0.5521 55 
57 0.0005 0.0 0.0028 56 
58 0.1401 -0.0000 0.7368 57 
59 0.0000 0.7500 0.0000 58 
60 0.0 0.3333 0.0 59 
61 -0.0000 0.7500 0.0 60 
62 -0.7500 0.0000 0.0 61 
63 -3.2500 0.0 0.0 62 
64 -0.7500 0.0 -0.0000 63 
65 -0.0000 0.1595 0.7329 64 
66 0.0 0.4518 2.0760 65 
67 -0.0000 0.1595 0.7328 66 
68 0.7500 0.0000 0.0000 67 
69 3.8334 0.0 0.0 68 
70 0.3125 -0.0000 0.0 69 
71 0.2184 -0.2184 0.0 70 
72 0.2191 -0.2191 0.0 71 
73 0.3099 0.0000 0.0 72 
74 0.9401 0.0 0.0 73 
75 0.0 0.6667 0.0 55 
76 -0.0000 1.0000 0.0 75 
77 -1.0000 0.0000 0.0 76 
78 -1.2500 0.0 0.0 77 
79 -1.0000 -0.0000 0.0 78 
80 0.0000 -1.0000 0.0 79 
81 0.0 -0.8333 0.0 80 
82 0.0 -1.0000 -0.0000 81 
83 0.0 -0.0000 1.0000 82 
84 0.0 0.0 -0.5000 42 
85 0.0 0.0000 -1.0001 84 
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86 
87 
88 
89 
0.0 
0.0 
-0.0000 
-1.0000 
90 -6.3750 
91 -1.0000 
92 0.0000 
93 0.0 
94 0.0 
95 0.0 
96 0.0 
97 0.0 
98 0.0 
99 0.0 
100 0.0 
101 0.0 
102 -0.0000 
103 0.6667 
> 
BOUNDARY 
1 ANCHOR 
103 ANCHOR 
74 ANCHOR 
27 SPECIAL   : 1 
> 
MATERIAL AA 
200.0  9800000. 
100.0 10000000. 
70.0 10100000. 
-100.0 10600000. 
-200.0 10900000. 
-325.0 11300000. 
MATERIAL SS 
400.0 26600000. 
300.0 27100000. 
200.0 27700000. 
70.0 28300000. 
-100.0 29400000. 
-200.0 29900000. 
-325.0 30400000. 
MATERIAL CS 
300.0 27400000. 
200.0 27700000. 
70.0 27900000. 
-100.0 29000000. 
MATERIAL CT 
200.0 15600000. 
100.0 15800000. 
1.0000 
2.0000 
1.0000 
0.0000 
0.0 
-0.0000 
-1.0000 
-3.0833 
-1.0000 
0.0000 
0.0 
-0.0000 
0.6667 
0.2500 
0.0 
0.2500 
0.6667 
0.0000 
.000 
0.0001 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
-0.0000 
-1.0000 
-1.3542 
-0.6667 
0.0000 
0.0 
-0.4271 
0.0 
0.0 
0.0 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
99 
101 
102 
0.0 1.000 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0.300 
0 0.300 
0 0.300 
0 0.300 
0 0.300 
0.300 
0.300 
0.00001295 
0.00001239 
0.00001225 
0.00001125 
0.00001061 
0.00000990 
0.00000959 
0.00000947 
0.00000934 
0.00000911 
0.00000875 
0.00000847 
0.00000815 
0.00000660 
0.00000638 
0.00000607 
0.00000565 
0.00001003 
0.00000966 
0.0 0.0 0.0 
-155- 
P5B006 
PAGE    61 
70.0 16000000.0 0.300 0.00000957 
-100.0 16500000.0 0.300 0.00000895 
-200.0 16700000.0 0.300 0.00000865 
-325.0 17000000.0 0.300 0.00000840 
.   >    SIF 
REINFORCEMENT 
5 UNRE 
8 SKT 
11 UNRE 
42 UNRE 
48 WELD 
55 WDT 
99 SKT 
BRANCH 1 AA 150.0        1 
RUN 1 2 10.750 0.365 37.739 0 0 
ELBOW 3 0.8333 10.750 0.365 37.739 0 0 0 SPECIAL 2 4 
TEEB 5 5 6 3.500 0.216 5.374 0 0 
TEER 5 4 5 10.750 0.365 37.739 0 0 
TEER 5 5 7 10.750 0.365 37.739 0 0 
TEEB 8 8 9 0.840 0.109 0.732 0 0 
TEER 8 7 8 10.750 0.365 37.739 0 0 
TEER 8 8 10 10.750 0.365 37.739 0 0 
TEEB 11 11 12 10.750 0.365 37.739 0 0 
TEER 11 10 11 10.750 0.365 37.739 0 0 
TEER 11 11 13 10.750 0.365 37.739 0 0 
REDUCER 13 14 10.750 0.365 6.625 0. 280 15.094 0 0 
RUN 14 15 6.625 0.280 15.743 0 0 
REDUCER 15 16 6.625 0.280 4.500 0. 237 5.361 0 0 
ELBOW 17 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 16 18 
RUN 18 19 4.500 0.237 8.110 0 0 
ELBOW 20 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 19 21 
RUN 21 22 4.500 0.237 8.110 0 0 
RUN 22 23 4.500 0.237 8.110 0 0 
ELBOW 24 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 23 25 
ELBOW 26 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 25 27 
RUN 27 28 4.500 0.237 8.110 0 0 
REDUCER l 28 29 4.500 0.237 5.313 0. 643 2.006 0 0 
RUN 29 30 9.000 2.487 61.260 0 0 
RUN 30 31 5.000 0.500 13.872 0 0 
RUN 31 32 9.000 2.487 61.462 0 0 
REDUCER 1 32 33 5.313 0.643 4.500 0, ,237 2.006 0 0 
ELBOW '34 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 33 35 
RUN 35 36 4.500 0.237 8.110 0 0 
ELBOW 37 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 36 38 
RUN 38 39 4.500 0.237 8.110 0 0 
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ELBOW 40 0.5000 4.500 0.237 8.110 0 0 0 SPECIAL 39 41 
TEEB 42 41 42 4.500 0.237 8.110 0 0 
TEER 42 42 43 8.625 0.322 25.245 0 0 
TEER 42 42 84 8.625 0.322 25.245 0 0 
REDUCER 43 44 8.625 0.322 9.688  0. 853 8.144 0 0 
RUN 44 45 13.500 2.759 120.689 0 0 
ELBOW 85 1.0000 8.625 0.322 25.245 0 0 0 SPECIAL 84 86 
RUN 86 87 8.625 0.322 25.245 0 0 
ELBOW 88 1.0000 8.625 0.322 25.245 0 0 0 SPECIAL 87 89 
RUN 89 90 8.625 0.322 25.245 0 0 
ELBOW 91 1.0000 8.625 0.322 25.245 0 0 0 SPECIAL 90 92 
RUN 92 93 8.625 0.322 25.245 0 0 
ELBOW 94 1.0000 8.625 0.322 25.245 0 0 0 SPECIAL 93 95 
RUN 95 96 8.625 0.322 25.245 0 0 
ELBOW 97 0.6667 8.625 0.322 25.245 0 0 0 SPECIAL 96 98 
TEEB 99 99 100 1.900 0.145 1.994 0 0 
TEER 99 98 99 8.625 0.322 25.245 0 0 
TEER 99 99 101 8.625 0.322 25.245 0 0 
ELBOW 102 0.6667 8.625 0.322 25.245 0 0 0 SPECIAL 101 103 
BRANCH 2 SS   150.0   1 
RUN 45 46 13.500 2.546 308.090 0 0 
REDUCER 46 47 9.688 0.640 8.625  0. 109 12.668 0 0 
TEEB 48 48 49 8.625 0.109 27.064 0 0 
TEER 48 47 48 8.625 0.109 27.064 0 0 
TEER 48 48 50 8.625 0.109 27.064 0 0 
ELBOW 51 1.0000 8.625 0.109 27.064 0 0 0 SPECIAL 50 52 
RUN 52 53 8.625 0.109 27.064 0 0 
RUN 53 54 10.000 1.000 119.786 0 0 
TEEB 55 55 56 6.625 0.109 17.886 0 0 
TEER 55 54 55 8.625 0.109 27.064 0 0 
TEER 55 55 75 8.625 0.109 27.064 0 0 
RUN 56 57 6.625 0.109 17.886 0 0 
ELBOW 58 0.7500 6.625 0.109 17.886 0 0 0 SPECIAL 57 59 
RUN 59 60 6.625 0.109 17.886 0 0 
ELBOW 61 0.7500 6.625 0.109 17.886 0 0 0 SPECIAL 60 62 
RUN 62 63 6.625 0.109 17.886 0 0 
ELBOW 64 0.7500 6.625 0.109 17.886 0 0 0 SPECIAL 63 65 
RUN 65 66 6.625 0.109 17.886 0 0 
ELBOW 67 0.7500 6.625 0.109 17.886 0 0 0 SPECIAL 66 68 
RUN 68 69 6.625 0.109 17.886 0 0 
ELBOW 70 0.7482 6.625 0.109 17.886 0 0 0 SPECIAL 69 71 
ELBOW 72 0.7482 6.625 0.109 17.886 0 0 0 SPECIAL 71 73 
RUN 73 74 6.625 0.109 17.886 0 0 
'ELBOW 76 1.0000 8.625 0.109 27.064 0 0 0 SPECIAL 75 77 
RUN 77 78 8.625 0.109 27.064 0 0 
ELBOW 79 1.0000 8.625 0.109 27.064 0 0 0 SPECIAL 78 80 
RUN 80 81 8.625 0.109 27.064 0 0 
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ELBOW 82 1.0000  8.625  0.109   27.064 0  0  0 SPECIAL 81 83 
> 
> IPF PLOTS 
> 
LOAD     1 
THERMAL STRESS ANALYSIS 
THERMAL      1 -320.0    0.0   0.0   0.0  150.0 
MOVEMENT     1 0.0054 0.0034 -0.0125 0.0   0.0   0.0 
LOAD     2 
DEADWEIGHT 
DEADWEIGHT  VECTOR  0.0   0.0  -1.000 1.000 
> 
> MENTAT PLOTS 
WRITE MENGEOM A1514 
POST MENDEFOR A1514 
> 
END OF JOB 
/* 
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APPENDIX C 
ISOPIPE GENERATED PIPDYN INPUT DECK 
START ' B313 NO PRODUCTION NO TAPE 
ISOPIPE CASE STUDY 
GEOMETRY 
THERMAL STRESS ANALYSIS 
COORDINATES FEET 
1 12.3333 3.0937 4.2188 
2 -1.2500 0.0 0.0 1 
3 -0.7500 0.0 -0.0000 2 
4 0.0000 0.0 -0.7500 3 
5 0.0 0.0 -0.4688 4 
6 0.0 -0.4688 0.0 5 
7 0.0 -0.4583 0.0 6 
8 0.0000 -0.5000 0.0000 7 
9 0.0000 0.0000 0.5000 8 
10 0.0 0.0 2.1667 9 
11 0.0 -0.0000 0.5000 10 
12 0.0 0.5000 0.0000 11 
13 0.0 4.1666 0.0 12 
14 0.0 4.1667 0.0 13 
15 -0.0000 0.5000 0.0 14 
16 -0.5000 -0.0000 0.0 15 
17 -2.2500 0.6 0.0 16 
18 0.0 -0.2396 0.0 17 
19 0.0 -0.3229 0.0 18 
20 0.0 -0.3385 0.0 19 
21 0.0000 -0.0469 0.0 20 
22 -0.0469 0.0000 0.0 21 
23 -1.6563 0.0 0.0 22 
24 -0.0469 0.0 -0.0000 23 
25 0.0000 0.0 0.0469 24 
26 0.0 0.0 2.1198 25 
27 0.0 0.0 2.1198 26 
28 0.0 -0.0000 0.0469 27 
29 0.0 0.0469 -0.0000 28 
30 0.0 2.0208 0.0 29 
31 -0.0000 0.0469 0.0 30 
32 0.0469 0.0000 0.0 31 
33 1.7865 0.0 0.0 32 
34 1.7864 0.0 0.0 33 
35 0.0469 0.0 0.0000 34 
36 -0.0000 0.0 -0.0469 35 
37 0.0 0.0 -1.6198 36 
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38 0.0 0.0 
-1.6198 37 
39 0.0 
-0.0000 
-0.0469 38 
40 . 0.0 0.0469 0.0000 39 
41 0.0 0.2448 0.0 40 
42 0.0 0.3229 0.0 41 
43 
-0.3438 0.0 0.0 17 
44 
-0.9584 • 0.0 0.0 43 
45 
-0.4479 0.0 0.0 44 
46 0.0 0.0 0.5833 45 
47 
-0.0000 0.0 0.7500 46 
48 0.7500 0.0 
-0.0000 47 
49 1.3333 0.0 0.0 48 
50 0.5000 0.0 0.0 49 
51 0.0 0.0000 0.4479 50 
52 0.0 0.0 0.6250 51 
53 0.0 0.0000 0.2083 52 
54 0.0 0.1473 0.1473 53 
55 0.0 0.3845 0.3845 54 
56 
-0.0000 0.3536 0.3536 55 
57 
-0.5000 0.0000 
-0.0000 56 
58 
-5.0000 0.0 0.0 57 
59 
-0.5000 0.0 0.0 58 
60 0.0 0.5000 0.0 59 
61 0.0 0.6146 0.0 60 
62 0.5000 0.0 0.0 50 
63 0.7500 0.0 0.0000 62 
64 0.0000 0.0 0.7500 63 
65 0.0 0.0 6.0521 64 
66 
-0.0000 0.0000 0'.7500 65 
67 
-0.7218 
-0.2036 0.0 66 
68 
-5.0563 
-1.4262 0.0 67 
69 
-0.7218 
-0.2036 
-0.0000 68 
70 0.0000 0.0000 
-0.7500 69 
71 0.0 0.0 
-0.5833 45 
72 0.0 0.0 
-0.7500 71 
73 0.7500 0.0 0.0 72 
74 3.0000 0.0 0.0 73 
75 0.7500 
-0.0000 0.0 74 
76 0.0000 
-0.7500 0.0 75 
77 0.0 
-4.8333 0.0 76 
78 0.0 
-0.7500 0.0 77 
79 0.7500 0.0000 0.0 78 
80 1.2500 0.0 0.0 79 
81 0.0 2.2031 0.0 5 
82 0.0 2.2031 0.0 81 
83 0.0 0.0 
-0.7031 82 
84 0.0 0.0000 
-0.2135 83 
•160- 
85 0.0 0.2135 0.0000 84 
86 0.0000 0.3958 0.0 85 
87 0.0 1.7917 0.0 86 
88 -0.0000 0.0990 0.0 87 
89 -0.0990 -0.0000 0.0 88 
90 -0.4688 0.0 0.0 89 
91 -0.0990 • 0.0 -0.0000 90 
92 0.0000 0.0 0.0990 91 
93 0.0 0.0 2.0521 92 
94 0.0 -0.0000 0.0990 93 
95 0.0 0.0990 0.0000 94 
96 0.0 0.3021 0.0 95 
97 -0.0000 0.0990 0.0 96 
98 0.0990 0.0000 0.0 97 
99 1.5625 0.0 0.0 98 
100 1.0000 0.0 0.0 99 
101 0.0 2.4375 0.0 82 
102 0.0 0.3125 -0.0000 101 
103 o.o • 0.2197 0.2197 102 
104 -0.0000 0.5303 0.5303 103 
105 -0.7500 0.0000 0.0000 104 
106 -2.4167 0.0 0.0 105 
107 -1.3333 0.0 0.0 106 
108 -0.5000 0.0 0.0 107 
109 0.0000 -0.4479 0.0 108 
110 0.0 -0.5000 0.0 109 
111 0.0 0.0 0.5000 110 
112 0.0 0.0 3.9167 111 
113 0.0 -0.0000 0.5000 112 
114 0.0 0.5000 0.0000 113 
115 0.0 0.8333 0.0 114 
116 -0.0000 0.5000 0.0 115 
117 -0.5000 0.0000 0.0 116 
118 -3.1667 0.0 0.0 117 
119 -0.5000 0.0 -0.0000 118 
120 0.0000 0.0 0.5000 119 
121 0.0 -0.0000 0.5000 120 
122 0.0 0.5000 0.0000 121 
123 0.0 0.6146 0.0 122 
124 -0.5000 0.0 0.0 108 
125 -0.5000 0.0 0.0 124 
126 0.0 0.0 -0.3438 125 
127 -0.4166 0.0 0.0 125 
128 -0.7500 -0.0000 0.0 127 
129 0.0000 -0.7500 0.0 128 
130 0.0 -0.3333 0.0 129 
131 0.0 -0.7500 0.0 130 
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132    0.0 
> 
BOUNDARY 
0.0000 0.7500 131 
132 ANCHOR 
70 ANCHOR 
123 ANCHOR 
61 ANCHOR 
42 ANCHOR 
100 ANCHOR 
80 ANCHOR 
1 ANCHOR 
13 SPECIAL    1.000 0.0      1.000 1.000 0.0 1.000 
62 SPECIAL    0.0 1.000    1.000 0.0 1.000 1.000 
105 SPECIAL    0.0 1.000-    1.000 0.0 1.000 1.000 
MATERIAL AA 
200.0  9800000.0 0.300 0.00001295 
100.0 10000000.0 0.300 0.00001239 
70.0 10100000.0 0.300 0.00001225 . 
-100.0 10600000.0 0.300 0.00001125 
-200.0  10900000.0 0.300 0.00001061 
-325.0  11300000.0 0.300 0.00000990 
MATERIAL SS 
400.0 26600000.0 0.300 0.00000959 
300.0 27100000.0 0.300 0.00000947 
200.0 27700000.0 0.300 0.00000934 
70.0 28300000.0 0.300 0.00000911 
-100.0 29400000.0 0.300 0.00000875 
-200.0 29900000.0 0.300 0.00000847 
-325.0 30400000.0 0.300 0.00000815 
MATERIAL CS 
300.0 27400000.0 0.300 0.00000660 
200.0 27700000.0 0.300 0.00000638 
70.0 27900000.0 0.300 0.00000607 
-100.0 29000000.0 0.300 0.00000565 
MATERIAL CT 
200.0 15600000.0 0.300 0.00001003 
100.0  15800000.0 0.300 0.00000966 
70.0 16000000.0 0.300 0.00000957 
-100.0 16500000.0 0.300 0.00000895 
-200.0  16700000.0 0.300 0.00000865 
-325.0  17000000.0 
> 
> SIF 
> 
REINFORCEMENT 
0.300 0.00000840 
5 WELD 
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17 SKT 
45 WDT 
50 WDT 
82 SKT 
108 WDT 
125 SKT 
BRANCH 1 SS   150 .0   1 
RUN 1  2 6.625 0.109 7.729 0 0 
ELBOW 3 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 2 4 
TEEB 5 4  5 6.625 0.109 7.729 0 0 
TEER 5 5  6 6.625 0.109 7.729 0 0 
TEER 5 5 81 6.625 0.109 7.729 0 0 
REDUCER 6  7 6.625 0.109 4.500 0. 083 2.685 0 0 
ELBOW 8 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 7 9 
RUN 9  10 4.500 0.083 3.989 0 0 
ELBOW 11 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 10 12 
RUN 12 13 4.500 0.083 3.989 0 0 
RUN 13  14 4.500 0.083 3.989 0 0 
ELBOW 15 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 
.14 16 
TEEB 17 17  18 0.840 0.083 0.683 0 0 
TEER 17 16  17 4.500 0.083 3.989 0 0 
TEER 17 17 43 4.500 0.083 3.989 0 0 
RUN 43 44 6.000 0.833 86.138 0 0 
TEEB 45 44 45 4.500 0.083 3.989 0 0 
TEER 45 45 46 6.625 0.109 7.729 0 0 
TEER 45 45 71 6.625 0.109 7.729 0 0 
ELBOW 47 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 46 48 
RUN 48 49 8.250 0.922 73.475 0 0 
TEEB 50 50 51 4.500 0.083 3.989 0 0 
TEER 50 49 50 6.625 0.109 7.729 0 0 
TEER 50 50 62 6.625 0.109 7.729 0 0 
RUN 51 52 4.500 0.083 3.989 0 0 
ELBOW 53 0.5030 4.500 0.083 3.989 0 0 0 SPECIAL 52 54 
RUN 54 55 4.500 0.083 3.989 0 0 
ELBOW 56 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 55 57 
RUN 57 58 4.500 0.083 3.989 0 0 
ELBOW 59 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 58 60 
RUN 60 61 4.500 0.083 3.989 0 0 
ELBOW 63 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 62 64 
RUN 64 65 6.625 0.109 7.729 0 0 
ELBOW 66 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 65 67 
RUN 67 68 6.625 0.109 7.729 0 0 
ELBOW 69 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 68 70 
ELBOW 72 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 71 73 
RUN 73 74 6.625 0.109 7.729 0 0 
ELBOW 75 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 74 76 
-163- 
RUN 76 77 6.625 0.109 7.729 0 0 
ELBOW 78 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 77 79 
RUN 79 80 6.625 0.109 7.729 0 0 
TEEB 82 82 83 1.900 0.109 2.125 0 0 
TEER 82 81 82 6.625 0.109 7.729 0 0 
TEER 82 82 101 6.625 0.109 7.729 0 0 
ELBOW 84 0.2135 1.900 0.109 2.125 0 0 0 SPECIAL 83 85 
ELBOW 102 0.7544 6.625 0.109 7.729 0 0 0 SPECIAL 101 103 
ELBOW 104 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 103 105 
RUN 105 106 6.625 0.109 7.729 0 0 
RUN 106 107 8.250 0.922 73.475 0 0 
TEEB 108 108 109 4.500 0.083 3.989 0 0 
TEER 108 107 108 6.625 0.109 7.729 0 0 
TEER 108 108 124 6.625 0.109 7.729 0 0 
ELBOW 110 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 109 111 
RUN 111 112 4.500 0.083 3.989 0 0 
ELBOW 113 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 112 114 
RUN 114 115 4.500 0.083 3.989 0 0 
ELBOW 116 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 115 117 
RUN 117 118 4.500 0.083 3.989 0 0 
ELBOW 119 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 118 120 
ELBOW 121 0.5000 4.500 0.083 3.989 0 0 0 SPECIAL 120 122 
RUN 122 123 4.500 0.083 3.989 0 0 
TEEB 125 125 126 1.900 0.109 2.125 0 0 
TEER 125 124 125 6.625 0.109 7.729 0 0 
TEER 125 125 127 6.625 0.109 7.729 0 0 
ELBOW 128 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 127 129 
RUN 129 130 6.625 0.109 7.729 0 0 
ELBOW 131 0.7500 6.625 0.109 7.729 0 0 0 SPECIAL 130 132 
BRANCH 2 CT    50 .0   2 
REDUCER 18  19 0.840 0.083 0.625 0. 040 0.050 0 0 
RUN 19  20 0.625 0.040 0.285 0 0 
ELBOW 21 0.0469 0.625 0.040 0.285 0 0 0 SPECIAL 20 22 
RUN 22 23 0.625 0.040 0.285 0 0 
ELBOW 24 0.0469 0.625 0.040 0.285 0 0 0 SPECIAL 23 25 
RUN 25 26 0.625 0.040 0.285 0 0 
RUN 26 27 0.625 0.040 0.285 0 0 
ELBOW 28 0.0469 0.625 0.040 0.285 0 0 0 SPECIAL 27 29 
RUN 29 30 0.625 0.040 0.285 0 0 
ELBOW 31 0.0469 0.625 0.040 0.285 0 0 0 SPECIAL 30 32 
RUN 32 33 0.625 0.040 0.285 0 0 
RUN 33 34 0.625 0.040 0.285 0 0 
ELBOW 35 0.0469 0.625 0.040 0.285 0 0 0 SPECIAL 34 36 
RUN 36 37 0.625 0.040 0r285 0 0 
RUN 37 38 0.625 0.040 0.285 0 0 
ELBOW 39 0.0469 0.625 0.040 0.285 0 0 0 SPECIAL 38 40 
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RUN 40 41 0.625 0.040 0.285 0 0 
RUN 41 42 1.000 0.228 2.134 0 0 
REDUCER 85 86 1.900 0.109 1.625  0.060 0.256 0 0 
RUN 86 87 1.625 0.060 1.140 0 0 
ELBOW 88 0.0990 1.625 0.060 1.140 0 0 0 SPECIAL 87 89 
RUN 89 90 1.625 0.060 1.140 . 0 0 
ELBOW 91 0.0990- 1.625 0.060 1.140 0 0 0 SPECIAL 90 92 
RUN 92 93 1.625 0.060 1.140 0 0 
ELBOW 94 0.0990 1.625 0.060 1.140 0 0 0 SPECIAL 93 95 
RUN 95 96 1.625 0.060 1.140 0 0 
ELBOW 97 0.0990 1.625 0.060 1.140 0 0 0 SPECIAL 96 98 
RUN 98 99 1.625 0.060 1.140 0 0 
RUN 
> 
> IPF PLO 
99 100 2.000 0.248 4.770 0 0 
rs 
LOAD 1 
DEADWEIGHT ANALYSIS 
DEADWEIGHT VECTOR 0.0 0.0 -1.000 1.000 
LOAD 2 
THERMAL STRESS ANALYSIS 
THERMAL 1  - 300.0 0.0 0.0    0 0 150.0 
THERMAL 2  - 250.0 0.0 0.0    0 0 150.0 
MOVEMENT 70 0 .0 0.0 0.1350 0.0 0.0 0.0 
MOVEMENT 132 0 .0 0.0 ■0.1780 0.0 0.0 0.0 
> MENTAT PLOTS 
WRITE CSGEOM  A1514 
POST CSDE 
> 
END OF JOB 
FORM A1514 
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